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Introduction 


Abraham Rees’s monumental Cyclopaedia^ or Universal Dictionary of Arts and Sciences . . . 
which appeared in parts between 1802 and 1819 was one of the first works of its kind to be 
published in English which gave more than passing reference to contemporary industry and 
technology. Indeed, ‘Rees’ is one of the most valuable and comprehensive sources of information 
on manufacturing processes and techniques in the early years of the nineteenth century and as such 
is highly regarded by students and scholars of economic, industrial and technological history as a 
basic and fundamental starting point for further and more specific researches. It forms a major 
work of reference on many other subjects too, with great attention being paid to English bio- 
graphy, a massive and detailed coverage of botany at an important period in the advancement of 
botanical research, and articles on agricultural husbandry, astronomy, horology and naval archi- 
tecture, for example, all regarded today as valuable, and in some cases unique, sources of summary 
information. 

This new edition is an attempt within the limits of modern reprint technique to provide as 
complete a collection as possible of the Rees entries relating to industry and technology. By 
maintaining an alphabetical format it has been possible to provide a comprehensive but at the 
same time concentrated selection of relevant material assembled from the thirty-nine volume bulk 
of the original into an easily referred to form. There have been some minor losses, however, result- 
ing largely from the technical problems of reprinting a work made up of individual articles of 
widely varying size. Small entries of less than half a column have, unless of exceptional signifi- 
cance, been omitted as have numerous one or two line dictionary definitions hardly appropriate to 
the scale of the major articles. Thus this new edition consists of those articles for which Rees is 
well known in the field of industrial and technological history, accompanied by the corresponding 
illustrations. 

Abraham Rees was born in Llanbrynmair, Montgomeryshire in 1743, the son of Lewis Rees 
an independent minister and pillar of the nonconformist cause in South Wales. Abraham was 
educated for the ministry in London, entered in 1 7 59, and subsequently held a number of posi- 
tions as tutor in mathematics and natural philosophy, tutor in Hebrew and mathematics, and 
assistant preacher, all of them in London. In 1783 he went to the pastorate of the Old Jewry 
congregation, a position he retained until his death in 1825. In 1775 he received the degree of 
doctor of divinity from Edinburgh University. 

Rees’s work as a cyclopaedist began in the 1 770s when he re-edited the cyclopaedia of Ephraim 
Chambers originally published in two volumes in 1728. The success of the new Rees edition, 
published in 1778, and reprinted in 1788-91, gained him recognition in 1786 when on i June of 
that year he was elected a Fellow of the Royal Society. The certificate of candidature described 
him thus; ‘Abraham Rees, of the Old Jewry, D.D., Editor of the new and improved Edition of 
Chamber’s Cyclopaedia now completed and a Gentleman well versed in the different Branches of 
Mathematics and Natural Philosophy, . . .’ Later Rees was elected a fellow of the Linnean Society 
and the American Society. His success with Chambers led Rees to project a similar but more 
comprehensive work on a much larger scale and the first part of The New Cyclopaedia^ or Universal 
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Dictionary of Arts and Sciences . . . Biography^ Geography^ and History, etc, was issued on 2 January 
180a. It was completed, in forty-five volumes, including six volumes of plates, in August 1820. 
Congratulated by his friend John Evans on the completion of his gigantic task, Rees wrote in 
reply: ‘I thank you, but I feel more grateful that I have been spared to publish my four volumes 
of sermons.’ These he completed in 1821. 

Rees’s Cyclopaedia was issued in parts, two of which formed a volume. These parts appeared 
at irregular intervals and on completion of the work a set of title pages was issued bearing the 
date of the last, namely 1 8 1 9 for thirty-nine volumes of text, and 1 820 for six volumes of plates. 

Various attempts have been made to define the dates of issue of the sections of Rees, the most 
complete being published by Benjamin Daydon Jackson in 1895 — An Attempt to Ascertain the 
Actual Dates of Publication of the various parts of Rees's Cyclopaedia. This chronology is based on a 
variety of evidence but nevertheless gaps exist. Jackson’s main sources were the Monthly Literary 
Advertiser published on the 9th or loth of each month and a rare set of the Cyclopaedia in their 
original unbound state. Although Longmans, the original publishers, had no information on the 
dates of publication, and no dates appeared on the individual parts, a list of new books by the 
publisher was printed on the inside cover of each part, generally dated and in some cases by the 
day of the month. 

These two authorities added together still left many gaps which in part have been filled by 
evidence from the plates issued with each part. Unfortunately the plate dates vary widely, even 
within a single issue, and in some cases no date whatever is provided— only, ‘Published as the Act 
directs, by Longman’, etc. Within one pair of covers dates as far apart as 1 805 and 1813 occurred. 

The custom of dating plates arose in order to preserve the copyright in the engraving. In 1735 
an Act, (8 George III, c 13) specified this and stated that the designer ‘. . . shall have the sole 
right and liberty of printing and reprinting the same for a term of fourteen years, to commence 
from the day of the first publishing thereof, which shall be truly engraved with the name of the 
proprietor on each plate, and printed on every such print or prints’. In 1767 the term of years was 
extended to twenty-eight, the occasion being to protect the engravings after Hogarth’s pictures. 
A decision of Chief Justice Best, made in 1816, shows that the law had not been relaxed although 
the practice, as shown in the Cyclopaedia, had. The Copyright Act of 1842 superseded these 
provisions, thenceforth every map or engraving in a copyrighted book shared in the overall 
protection. 

The following list propounded by B. D. Jackson is broken down under the volume and its part 
and the running number of each part as frequently quoted in the Monthly Uterary Advertiser. 
Next follows the contents — ^the first and last article in each part, then the nearest date assigned to 
it, authenticated by the source of information. The initials M.L.A. indicate Monthly Literary 
Advertiser, and are probably the most accurate. Next the booklists on the inside covers provide a 
closing date for the issue of each part. Finally, a few dates have been ascribed from amongst the 
plates in each part, the latest date on a plate being given in each case. These latter are probably 
worth very little. 
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Preface 


'^HE CvcLOPiEDiA, which has been the production of the incessant labour 
of almost twenty years, is now completed, very much to the relief of 
the Editor’s mind, and, as he hopes, to the satisfaction of the Public. To 
the candid judgment of its numerous readers, the Editor submits the work, 
assuring them, that, on his part, no pains have been wanting to render it 


worthy of their approbation. If he had foreseen the time and attention 
which the compilation and conduct of it required, and the unavoidable 
anxiety which it has occasioned, he would probably never have undertaken 
it. But habits of application, and some degree of experience in a work of 


this nature, disposed him to embark in it, and enabled him to overcome 
the difficulties that presented themselves to his view in his further progress. 
He hopes that he may be allowed to say, that an early and long-continued 
attachment to scientific pursuits, and a desire of serving the cause of 
Literature and Science, had no inconsiderable influence in directing his 


views to this object, and encouraging his perseverance in the accomplish- 
ment of it. He ought also to acknowledge, that the candour with which 
his labours, on this as well as on a former similar occasion, were received 


by the Public, and the expressions of approbation with which they were 
honoured in the course of sixteen years, afforded a very powerful induce- 
ment to unremitting assiduity and exertion. The Proprietors also, who 
had undertaken this work without any patronage besides that of the 
Public, and who were advancing large sums towards rendering it worthy of 
that patronage, were liberal in their co-operation, and in enabling the 
Editor to procure every kind of assistance, which he might find to be 
necessary and useful. They employed artists of the first reputation in 
their respective departnients, whose performances have given a peculiar cha- 
racter to t; is work. The Proprietors and Editor were likewise honoured by 
connection and acquaintance with persons, eminently distinguished in those 
branches of science to which they had devoted their talents ; and these per- 
sems not only consented to be co-adjutors, but to give celebrity to the work 
by allowing their names to be annexed to it, whilst they were enhancing its 
importance and value by their contributions. Although the Editor cannot 
decline availing himself of the reputation which the Cyclopaedia must 
acquire from the established and well-known character of his associates, 
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and with this view presenting their names to the Public, he does not wish 
to rob them of any portion of fame that belongs to them, in order to 
enrich himself. Notwithstanding all the assistance which he has received, 
and which he thus gratefully and respectfully acknowledges, his own 
responsibility furnishes a large demand on the candour of the Public ; nor 
will those who duly consider, that he has devoted almost twenty years of 
his life, measured not by fragments of time, but by whole days of twelve 
or fourteen hours, to the completion of his undertaking, and in so doii^ 
impaired his health and constitution, be indisposed to exercise that liberality 
in their estimate of his labours which he solicits. He is not unapprised of 
defects and imperfections ; and if he were to begin the Cyclopaedia de novoy 
he could improve it. Science is progressive; and since the commencement of 
this work, its advances in several departments have not been inconsiderable. 
The Editor has endeavoured to watch its steps, and to incorporate in his 
pages every discovery and improvement that has attended its progress. 
He now presents his work, in its finished state, at the bar of the Public, 
anxiously but not timidly waiting a favourable decision. He begs leave, 
however, to suggest, that he does not consider himself as responsible for 
the opinions advanced by his <5o-adjutors in the articles which they have fur- 
nished, any more than for those which occur in extracts from printed works. 
Some of these seem to him to be erroneous ; and they are actually contro- 
verted and contradicted in other parts of the Cyclopaedia, where the men- 
tion of them occurs. As he could not prescribe limits to the articles 
supplied by his co-adjutors, he could not presume to prohibit a statement 
of their own sentiments on the subjects of the articles which they contri- 
buted. In every case the reader will form his own judgment. 

The names of most of his co-adjutors have been already published on the 
covers of several parts of the work ; but after he has again recited them, every 
reader will be able to assign to each, so well known in the circle of science, 
the articles of any extent and of principal importance, which he has furnished. 
Under each head, the arts and sciences being arranged in alphabetical order, 
will be mentioned the names of those to whom the Editor is indebted for 
contributions ; though in some cases the number is small and the articles are 
short, whilst in others they are more numerous and more extended. Many 
of these articles have been considerably enlarged in consequence of the 
Editor’s own researches. His own additions are so incorporated with the 
communications of his friends, that it would not be easy to distinguish 
them without a minuteness of detail, which, as he conceives, would be 
tedious and uninteresting. Agriculturey Dr. Dickson. — Algebra and 
Analymy Barlow, Bonnycastle, and Pond. — Anatomy and Physiology, 
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Abernethy and Lawrence. ^ — Comparative Anatompt Macartney, Lawrence, 
and Clarke. — Annuitiesy W. Morgan. — Antiquities, H. Ellis and Strutt. — 
Architecture, Porden, E. Aikin, P. Nicholson, Dr. Milner, and Webster. — 
Astronomy, Bonnycastle and Pond. — Astronomical Instruments, Rev. Dr. 
Pearson. — Biography, Sir J. E. Smith, Dr. Burney, Dr. Malkin, and Dr. T. 
Rees. — Botany, Sir J. E. Smith, Dr. Woodville, Rev. Mr. Wood. — 
Canals, Farey, senior. — Chemistry, Aikin, Sylvester, Dalton, Brande, 
Dr. Marcet, Sir Humphrey Davy, Dr. C. Taylor, and Dr. Davy. — Conic 
Sections and Curvilinear Geometry, Ivory. — Drawing, Howard. — Dynor- 
mics, Cavallo. — Education, Dr. Carpenter. — Electricity, Cavallo and Cuth- 
bertson. — Engraving, Landseer. — Entomology, Conchology, and several 
other articles of Natural History, Donovan. — Exchange, Standard, Coinage, 
and Weight, Dr. Kelly. — Blast and Blowing Furnaces, Mushett. — Geo- 
logy, Koenig, Bakewell. — Geography, Tooke, Hinckes. — Geometry, Barlow, 
Ivory. — Grammar, Dr. Jones. — Heraldry, Sir G. Naylor. — History, 
English, S. Turner and Owen Pugh. — Horology, Rev. Dr. Pearson. — 
Language, Dr. Carpenter, Dr. Jones. — Magnetism, Cavallo. — Manufac- 
tures, Duncan, J. Thomson, Parkes, and Farey, junior. — Mechanics and 
Machinery, Cavallo, Farey, junior. — Medicine, Dr. Bateman and Dr. Hen- 
derson. — Mental Derangement, Dr. Haslam. — Meteorology, L. Howard, 
Dalton, and Dickson. — Midwifery, Dr. Bland. — Mineralogy, Koenig, Bake- 
well. — Mining, Taylor. — Naval Architecture, Glover. — Navigation, 
Mackay. — Music, Dr. Burney and Farey, senior. — India Mythology, Mn^or 
Moor. — Mental and. Moral Philosophy, Dr. Carpenter. — Painting, Russell, 
Opie, Ottley, and Phillips. — Prosody, H. Parker. — Sculpture, Flaxman, 
P. Hoare, and Bacon. — Surgery, Blair, who also furnished the article 
Cipher, and S. Cooper. — Topography, Britton. — Verification, H. Parker ; 
— and a variety of Miscellaneous articles by Joyce, Ellis, Fletcher, Howard, 
Clarkson, and several other gentlemen, who were occasional contributors, 
and whose names it is needless to mention. To Mr. S. Bevan and some 
other literary and scientific friends, the Editor is indebted for the assistance 
which they have aflTorded him in suggesting articles that had been omit- 
ted, and that have been supplied in the Addenda. Dr. Thomas Rees has, 
towards the close of the work, paid particular attention to the arrangement 
of the Plates. He has also drawn up a digested catalogue of them, together 
with an alphabetical index of the subjects which they comprise ; and added 
such explanations, and corrections of references, as appeared to be neces- 
sary or desirable, after a minute and careful collation, made in conjunction 
with the Editor, of every Plate, with the printed letter-press to which it 
pertained. The Editor and Proprietors of this work are also indebted to 
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Mr. Donovan, for the General Systematic Arrangement of the Plates of 
Natural History. 

The general plan upon which this work has been conducted, and which 
was stated in the Advertisement that announced the publication of it, 
seemed to the Editor, after some experience in this department of literary 
labour, and after consulting several competent judges, the most suitable to 
the nature and design of a Scientific Dictionary. Whatever may be the 
advantage resulting from separate dictionaries appropriate to each particular 
science, which is the plan of the French Encyclopeme, or from distinct 
treatises introduced in a dictionary of one alphabet, according to some 
modern compilations of this kind, the inconvenience and perplexity that 
attend the multiplication of alphabets, whether they occur in different 
serieses of volumes, or in the form of an index at the close of each treatise, will 
furnish an objection against this mode of arrangement, which it will not be 
easy to obviate. In a work of such magnitude as the French Dictionary, con- 
sisting already of between 100 and 200 volumes, and of undetermined extent, 
the best treatises that have been written, or that may be written, on each 
subject, may be introduced, and the work itself may be a complete library, 
and supersede the necessity of recurring to any other. But in a publication 
of limited compass, such as booksellers may undertake, and the general 
class of readers purchase, it is hardly possible to combine separate articles, 
sufficiently instructive, with treatises equally comprehensive and complete. 
To those who usually consult dictionaries for information, this plan, we are 
persuaded, is by no means the most eligible. If they wish to extend their 
knowledge beyond the limits to which a dictionary must necessarily restrict 
it, they will recur to appropriate treatises for the purpose ; and the dic- 
tionary should furnish them with the necessary references. A dictionary 
is intended for communicating knowledge in an easy and expeditious 
manner ; and it is desirable that the several articles should be so full and 
comprehensive, as to affi>rd sufficient instruction on the subjects to which 
they relate, without the necessity of recurring to another dictionary, or to 
an index, for further information. It may be said, indeed, that the sciences 
are thus mutilated and mangled ; and that it is impossible to preserve their 
unity without discussing each in a separate treatise. We readily allow, 
that this is an inconvenience, inseparable from the form of a dictionary ; 
but at the same time we think that this may be remedied in a considerable 
degree by that kind of ramification of the principal subject, which, with 
suitable references, will lead the reader to subordinate articles, that form, 
by their mutual connection and dependence, an a gg regate or whole, super- 
seffing in all common cases the necessity of a distinct treatise. These 
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references* when judiciously distributed and arranged* will senre* like the 
index of a book* but much more effectually* to conduct the reader from one 
subject to another : they will enable him to perceive their relation to each 
other ; and they will direct him how to collect and combine the dispersed 
parts of any science into one entire and regular system. Each article will 
afferd him* as it were* a distinct lecture ; and he may pursue the same 
course of study by the means now suggested, or vary it as he thinks proper. 
Upon the whole* the advantage of separate treatises under each head of 
science* such as the limits of a dictionary will allow* seems to be more 
imaginary than real ; more especially as the want of them may be supplied 
in the manner that has been mentioned. 

In conformity to our proposed plan* it has been our endeavour to give* 
under each distinct head of science* an historical account of its rise* pro~ 
gress* and present state* concisely and yet as comprehensively as our limits 
and our sources of information would allow ; to refer to those articles in 
which the discussion of them occurs* and to point out such publications as 
afferd further information. References of this kind are introduced under 
each separate article* wherever they are thought to be necessary and useful ; 
and thus the reader is able to form his judgment concerning the authorities 
upon which the compilers of the several articles depend j and if he shall 
have opportunity or inclination* he may recur to them for himself. 

Whilst the Editor and his eo-adjutors in this work have availed themselves 
of the assistance which other similar dictionaries have afforded them* they 
have not contented themselves with mere transcripts ; they have resorted as 
much as possible to original writers* which they have been enabled to do by 
the facility of their access to large libraries ; and by the citations which 
they subjoin to the several articles* the Public will judge of the extent of 
their research* and of the industry and labour which they have bestowed 
on this compilation. In their account of the arts and manufactures* they 
have consulted the artisans and manufacturers themselves* and derived from 
them every kind of information that was likely to conduce to the credit and 
utility of the work : and this they have not been able to do without incur- 
ring a very considerable expence. 

Some apology may* perhaps, be thought necessary for the extension of 
this work beyond the limits first proposed. When it was d^ermined to 
introduce biography* as well as geography* topography* and history* upon a 
larger scale the Proprietors and Editor had at first intended, principally 



in compliance with the wishes of intelligent and esteemed subscribers, the 
enlargement of it became indispensable. To his co>adjutors, whose assist* 
ance was highly important, the Editor could not presume to prescribe 
limits, which would have depreciated the value of the articles which they 
contributed, and within vdiich, for their own reputation, they would not 
have consented to be confined, and of course the work would have been 
deprived of the benefit of their contributions. This circumstance could not 
fail to occasion an enlargement of the Cyclopaedia ; but it was propor- 
tionably enhanced in value ; and the Editor is satisfied, that the purchasers 
will not ultimately regret the augmentation of expence. The plates like- 
wise have been multiplied far beyond the original intention of the Pro- 
prietors, because new and unthought-of subjects were introduced in the 
progress of the work ; but as these plates constitute a character of excel- 
lence peculiar to this Cyclopaedia, it is thought that the circumstance of 
their being additional embellishments of the work, besides that of their 
being indispensable as explanatory of the articles to which they refer, will 
be a sufficient apology for the increase of their number j more especially 
when it is considered, that the augmented number of plates, as well as the 
enlargement of the work, have occasioned a diminution of profit to the 
Proprietors. It would have been more their interest, as well as more 
gratifying to the Editor, to have compiled a Cyclopaedia in fewer volumes, 
and to have contented themselves with a smaller number of plates ; as in 
all probability the sale would have been greater, and the sum of money 
expended upon it would of course have been much less. The Editor must 
do the booksellers concerned in this Cyclopaedia the justice to say, that 
they have consented to forego part of the possible profit that might have 
accrued from it for the sake of its reputation and utility. 
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Acetic Acid 


ACETIC Acid, in Chmi/lryt Radical vinegar^ Aide 
AetiguCf Vinaigre radical^ Vinaign df Venus, If any quan- 
tity of cryftallizcd acctite of copper (diftilled vcrdigrifc) be 
diltilled in a glafs retort, with a regulated heat, till at length 
the bottom of the vefTel is nearly red hot, tlie equilibrium of 
the affinity between the component parts of the fait will be 
deftroyed, and fcvcral new lubllanccs in confequcncc pro- 
duced, The proportion of thefe on looo parts of the fait, 
according tonn accurate analyfis of Cit. Adet, will be 486 
acetic acid, j 12 brown oxyd of copper mixed with charcoal, 
118 hydrogen and carbonic acid gas, and about 84 of the 
acetite of copper, will remain undccompofcd. In order to 
be fully aware of what takes place in thefe changes, it is 
neceffary to obferve, that the ciyftallized acctite of copper 
contains hydrogen and oxygen forming the water of cryf- 
talliaation, hydrogen, carbon, and oxygen forming acetous 


acid, and copper, with about 25 per cent, of oxygen. By 
the procefs of diftillation, the acetous acid appears to be 
deconipofed by the feparation of part of its hydrocarbonous 
bafe, and at the fame time the oxyd of capper is brought to a 
lower liate of oxydation : part of the carbon becomes acidi- 
fied at the expence of the copper, and, uniting with the 
hydrogen, forms hydrocarbonous gas; the remainder of 
the carbon is found in the retort, mixed with the oxyd of 
copper, and pofleffes the properties of a pyrophorns, Thoa 
it feems that actiic acid differs from acetous, in a larger pro- 
portion of oxygen to the bafe, which is effected not by an 
addition of oxygen, but by a diminution of the bafe* 
Acetic acid may tlfo be procured by diftilling together 
acctite of lead, of foda, potaffi, or lime, with fulphuric geld ; 
the produ£t is however, in this cafe, contaminated by fuU 
phureous acid gas ; but this may be in part prevented, by 
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adding the materials fi>mc black oxyd of manganefc# 
M. mdvjlivi pijpofes to obtain acetic acid, ly diflilling 
equal p*i’*ts of lulpHat of copper, and acetate of lead : the 
acid thus produced coils only a fourth of that which is 
fonned fioin acetite of copper. In its general properties, 
acetic acid is very fimilar to acetous acid, yet differing from 
it in the following particulars. 

The adliv" ac’d qualities of this fluid bring it to a near 
refembhuice win fome of the mineral acids ; it is corrofive, 
and intcufdy acid to the t.ille, exhales a pungent almoli 
fuffocating odour, and has nothing of the fpirituous flavour 
of diilillcd vinegar; its fpccific gravity is 1.0626. With 
earthy and alkaline bafes it unites readily, forming the 
genus of neutral and earthy acetats, the propeilies of which 
have been but very little examined* It difTolves copper, and 
certain other metals which are not foluble in acetous acid, 
and it is capable of partly decompofing and uniting with 
alcohol, forming acetic Ether* 

This acid is of fome ufe in the laboratory, and is em- 
ployed occafionally in medicine, as a flimulant application 
to the noflrils in fainting fits ; for this purpofe fome acetite 
of j)otnni is put into a fmelling-bottle, and a little fulphuric 
acid is poured upon it. Annales de Chimie. xxvii. 299* 
xxviii. 1(3. Fourcroy, SyfL des Connaifs* Chim. viii. 
Gren’s Chem. ii. 

Acetite ok Pot.ish. Kali aretatunty Lond. Pharm. 
JAxiaya acetata et ^Tartar, re^enerat. Edin. Pharm. Ackite 
de PoUiJfe, *terra foliat a Tartari, D'tgejlin^e fait of Silvtus* 

This fait occurs native in the fap, and certain other vege- 
table juices, and alfo in the urine of fome quadrupeds : it is 
prepared artificially by adding to pcarlafli, or carbonat of 
potafii, diftilled vinegar, till the liquor contains a flight excefs 
of acid ; if the fait is wanted in a folid Hate, evaporation in 
a glafs or filver veffel muft be had recourfe to ; when a pel- 
licle appears on the furface, the procefs fliould go on at a 
very gentle temperature, till all the moillure is exhaled j 
there will remain a white micaceous fait, which mult im- 
mediately, while warm, be put into a well-clofed vial. 
The fait may alfo be obtained cheap and pure, by adding 
fulphat of potafli to acetite of lime, evaporating to dryneis 
in a water-bath, and diflblving out the acetite of potafh by 
hot alcohol. 

Acetite of potafh has a lively penetrating odour, and a 
(harp tafle ; but leaving an alkaline impreiuon on the pa- 
late : it cryilallizes in needles and plates, the form of which 
has not been afeertained. 

This fait has a ftrong affinity for water, deliquiating 
readily in the air; it inquires 1.02 1 parts of this fluid at 50® 
Faliren. for its foliition, and, while dilTolving, abforbs ca- 
loric : from its hot faturated folution in alcohol, cryftals 
may be obtained by cooling. 

Of the alkalies and alkmine earths, barytes alone is ca- 
pable of decompofing acetite of potafh, fetting at liberty the 
alkali, and forming with the acid acetite of barytes* 

The fulphuric, nitric, muriatic, fluoric, phofpnoric, oxalic, 
tartareous. arfdnic, fuccinic and malic acids, are each capable 
of feparating the acetous acid from its alkaline bafe : aU .the 
cafily foluble fulphats, and feveral other neutral falts effeft 
the lame by double affinity* 

Acetite of potafh, fubjeAed to dry diftillation, yields 
hydrocarbonous gas, an ainmoniacal liquor mixed with em- 
pyreumatlc oil, fubUmed cry Hals of carbonat, or acetiu of 
ammonia, and there remains in the retort, charcoal, with 
puufh, partly ca^ic, and partly caihonate^ The appear- 
ance of ammonia in this procefs, is a citcumftance well 
worthy of accurate inveftt^tioji : it was ffril obferved by 
fieamad, and afterwards by Morveau, and feema likdj to 


throw much light on one of two stry important quelllonsi 
viz. Is azot a compound ? Is ammonia one of the ele? ents 
of potafh ? Ammonia confifls of azot and hydrogen, but 
acetite of potafli furniflies only oxygen, hydr^gCAi, carbon, 
and potafh ( hence, it feems reafonable to fuppofe, either 
that thefe four fubltances contain the bafes of azot, or that 
ammonia is one of the component parts of potafh. 

The above fait is applied to no ufe in the laboratory, or 
in the arts ; it is an article of the Materia Medica, and pof- 
fefTes confiderable diuretic qualities. 

Beaitmc, Chim. Experim. Fourcroy, Connaif. Chim* 
Encyclopcd. Method. Art. Ackc dc Poufle. Gren^s Clic- 
miftry. 

Acetite of Soda. Acetite dt ^oude^ Terra foliaia 
mineralis vel crjflaUixata. 

To any quantity of carbonated foda add diflilled vinegar, 
leaving the liquor, however, Hill alkaline ; evaporate get tly 
to a pellicle, and by cooling, acetite of foda will be obtained 
in long Hriated prifmatic cryHals fimilar to thofe of lul- 
phated foda, permanent in the air, foluble at a gentle tem- 
perature in their water of cryHallization, and of a pungent 
bitterifh talte. 

Acetite of foda is eafily foluble in water and alcohol, is 
decompofable with abHraaion of the acid or aik.uine bafe 
by potafh, and the fame fubHances as the preceding fait : 
when kept long in folution it is converted into carbonat of 
foda by decompofition of its acid 5 if fubjefted to dry dif- 
tillation it yields hydrocarbonous gas, empyreumatic oil 
and acid, and there remains in the retort^ charcoal and 
carbonated foda. 

This fait is employed a little in France as a medicine — ^in 
this country is made no ufe of. 

Beaumc, Ch. Exp.— Fourcroy, SyH. des Conn. Chim.— 
Encyclop. Method, art. Acetite de Soude— Greu's Chem. 

Acetite of Ammonia. Acetite d* Ammoniaque, — Am» 
mania Acetata ct Spiritus Mindereri ; Lond. et Edin. Pharm. 

This is prepared in the liquid form by adding carbonated 
ammonia to di Hilled vinegar till faturation. On account of 
its great volatility, it is not very eafy to obtain it in the cryf- 
tallinc form ; the following method was fuccefsfully prac- 
tifed by M. Delaflbne for this purpofe : equal parts of 
chalk and fal-ammoniac were mixed well together, and put 
into a retort, upon which was poured half their weight of 
concentrated acetous acid ; by a gentle heat a white vapour 
arofe, which concreted in beautinil cryHals in the receiver^ 
and was acetite of ammonia. Another way of preparing 
this fait is by diHilling equal parts of acetated lead (fugar of 
iea^, and muriated ammonia (fal-ammoniac.) 

This fubHance is very deliquefeent — ^has a hot pungent 
flavour— is decompofed by alkalies, by moH acids, and by 
double affinity in various ways ; it is deHroyed by fire, and 
fpontaneoufly when in folution. 

It is only employed in medicine, and is confidered as a 
diaphoretic. 

ISeaum^, Ch. Exp.— Fourcroy, Syft. des Connaif. Chim.— 
Encyclop. Method, art. Acctc d'Ammona.— Gren, ut fupra. 

Acetite of Lime. Acetite de Chaux.—Salt of Cbalh^ 
of Coral. 

This fait is readily procured, by adding diHilled vinegar 
to chalk, marble, coral, oyHer-fliclls, or any other fubHance 
that confiHs chiefly of calcareous carbonat ; the carbonic 
acid is difengaged with cffcrvcfccnce, and by eva^rating the 
folution to a pellicle, and allowing it to cool gradually^ 
cryHals of acetite of lime are depofited. 

Calcareous acetite cryHallizes in white flender filky fila- 
ments, permanent in the air ; its tafte is bitter, acm, ra- 
^er cauftic ) it is foluble with cafe in water, and in (nmll 

propoitioA 
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proportion by alcohol. BaryteSt and the fixed alkatiea de** 
compofe it| by union with its acid ; the ftronger acids do the 
fame» by combining with' Its earthy bafe : mod of the car- 
bonats and fulphats decompofe it by compound affinity: 
when in folucion, it is deftroyed fpontaneoufly by dccom- 
pofition of the acid, and depofits carbonat of lime : in dry 
diftillation it yields hydrocarboiious gas, empyreumatic acid 
and oily charcoal and calcareous carbonat. 

It is dill admitted into the foreign pharmacopoeas as a 
fudoriiic and diuretic. 

Beaume, Ch. Exp.— Fourcrcw, Syft. dea Connaif. Chim. 
Encyclop. Method, art. Acete Calcaire.-— Greny ut fupra. 

Acetite of Barytes, ^citite de Baryt. 

This fait is ufually prepared by adding carbonat of ba« 
rytes to diddled vinegar, in which cafe the acid is always in 
txcefs : when reduced by evaporatiun, to the confidence of 
a fyrupy and allowed to cool gradually, it depofits a white 
opaque granular fait, and the fides of the veifel are covered 
with filky filaments of the fame : a better way of procuring 
this fubdanccy is by boiling for a few minutes the fulphuret 
of barytes in a (light excefs of acetous acid, (vide Acetite 
of Stronttan) filtering the folution, and fetting it to evaporate 
fpontaneoufly; tranfparent cry dais may thus be obtained 
in long (lender prifms. The fait formed by cither of thefe 
methods is permanent in the air, and decompofable by mod 
of the mineral acids, the carbonated alkalies, and the ful- 
phuric falls. Its only ufc is as a reagent, for afeertaining 
the prcfcnce of fulphuric acid in thofc cafes where the muriat 
or nitrat of barytes might affeA the refults of the analyfis. 

Encyclop. Method, art. Acete Barotique. 

Acetite of Strontian. Jeetite de Strontian. 

To any quantity of warm diddled vinegar, add gradually 
fulphuret of drontian, as long as any cflcrvcfcence is per-* 
ceived ; then boil the liquor for a few minutes, and filter ; 
add afterwards, drop by drop, a folution of acetite of lead, 
ff^ar of lead) -as long as any precipitate tfkei place, then 
fufier the liquor to (land for a few hours, and finally feparate 
it from the dark fcdimcnt by filtration. This fiilt has not 
as yet been the fubjeft of experiment ; its properties are, in 
all probability, veir fimilar to thofe of the AceU Baryt. It 
is not made any u(e of. 

Acetite OF Magnesia. Acetite de 

This fait is prepared by faturating didillca vinegar with 
carbonated magnefia, then boiling the liquor lo feparate the 
remains of carbonic acid and filtering it, if turbid, to get 
rid of the excefs of carbonated magnefia. 

The tadc of acetite of magnefia, is fwccti with a flight 
mixture of bitter : by evaporation, it is reduced to a vUcous 
fyrupy confidence, incapable of being cryftallizcd ; but by 
furtner concentration, and fubfequent cooling, becomes 
folid, and dtliquefeent in the air ; it is totally foluble in fpirit 


of wine, and from the eafe with which it is decompofed, the 
affinity between its elements appears to be extremely weak. 
The alkalies, and the red of the alkaline earths, mod of the 
mineral, vegetable, and animal acids are capable of decom- 
pofing this fait by abdradioti of its acid or earthy bafe. It 
is not made any ufe of, 

Encyclop. Method, art. Acete Magn^ficn. Pcarfon^s 
Tabic of Affinity. 

Acetite of Alumine. Acetite JP Alumtmk Aluminous 
mordant of the calico-printers. 

Of all the acetous lalts this is the mod important, being 
abfolutely elTential to the improved date of the arts of 
Dyeing and Calico-printing. It is not eafy to pre- 
pare this fait dircdly, didillcd vinegar, even when con- 
centrated, having no perceptible a^ion on clay ; the frefh 
precipitated and waflii^ earth of alum is indeed folubic by 
long digeftion in a large excefs of acetous acid ; but the moft 
economical and effcftual w*ay of producing the fait in quef- 
tion, is by means of the double afiinities of common alum 
and fugar of lead. For this purpofc, to a blood-warm folu- 
tion oUlum in rain-water, is hrd of all to be cautioufly added 
a folution of pcarlalh, or any other fuificiently pure alkali, 
till the liquor is jud upon the point of becoming turbid, in 
order to faturatc the excefs of acid in common alum ; a cold 
faturated folution of acetite of lead (fugar of lead) in rain- 
water is then to be dirred in as long as any precipitation 
takes places by danding a few hours, the fulpbat of lead 
entirely fubfidcs, and the fupematant clear liquor, containing 
acetite of alumine and potafli, may be drawn off with a fy- 
phon. By walhing the fediroent with cold water a dilute 
folution of acetite of alumine is obtained, which may be ufcd 
indead of water io dilTolving alum for the next preparation 
of aluminous mordant. 

Acetite of alumine thus prepared has an acetous drongly 
Ayptic tadc : by gradual evaporation and cooling, it afTumea 
the form of fmall nccdlc-fhapcd cry dais, which arc exwed- 
ing deliquefcent : bv a heat inferior to that of boiling 
water, the acid is almod wholly driven off. It is decom- 
pofed by magnefia, and by all the fubdanccs that decompofe 
acetite of magnefia. Its ufc is almod wholly confined to the 
dyers and calico-printers. 

Encyclop. Method, art. Acete Alumineux. 

Acetite of Glycine. Acetite de Gluclne^ 

This is an uncrydallizablc fait, which by evaporation be- 
comes of a gummy femidudile confidence ; its tadc is fwcet, 
and very adringent, with a flavour of vinegar : its other pro- 
perties nave not been examined into ; it is not applied to 
anv ufe. B. la Grange, ii. 452. 

^or the metallic acetites^ fee the refpeftive metals. 

ACETIFICATION is ufed by fomc Chemtfls to denote 
the aftioB or operation, by which vinegar is made. See 
Acetous Fermentation. 



Acid 


ACIDf in Chemtjlryy is ufed in common language as a 
generic name for all tbpfe fubftances which imprefs the organs 
of tafte with a (harp four fenfation. Since^ nowever, there 
are certain bodies deftitute of this propeityt whicii never* 
thelefs are clafTed by all chemical UiTlters as acids, this popu* 
lar chara£icriftic muft be abandoned as efieutiali for one wmeb 
is more comprehenfive. 

Newton’s well know definition of an acid, " that which 
** ftrongly attrads, and is ftrongly attraded,” would have 
required notice only in the hiftory of chemical opinions, if it 
had not been implicitly adopted by one of the ableft chemifta 
of the prefent age,<^it« Guyton Morveau. (Did* Method* 


art. aetde,) •‘Now if any one (hould a(k me,” fays he “wliat 
•• is an acid, I reply, it is that which of all palpable fub* 
“ fiances is the moil powerful folvent ; that wluch ads on 
•• the greateft number of other bodies ; that, as Newton has 
•• fo well expreifed it, which ftrongly attrads, and is 
•‘ ftrongly attraded.” It is a greater fault for a definition 
to be too comprehenfive than too circumferibed, and tliat 
which has been Juft quoted not only includes alkalies as 
well as acids, as indeed Morveau allows, but all the adive 
chemical agents, fuch as water, alcohol, hydrogen, oxygen, 
5;c. for they arc all powerful (blventB, ad on a great num. 

ber 
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her of other bodies, ftrongly attraft, and are ftrongly at- 
tracted. In faCt, there is no one property peculiar to the 
genus acid, and which belongs to each ipccies, fo that it is 
not poflible to giTc a deliaition of the term 2 nevcrthelcfs, by 
combining together the general diflinguifhing qualities of 
acids, and noting at the uunc time the exceptions to thefe, 
a defeription may be produced more illuftrativc than the 
moil laboured definition. 

Previoufly to the confideration of the general properties 
of acids, it will be an advantage to give a (ketch of the 
opinions held by the old chemifts concerning their origin 
and mode of aClion, and to examine more at large the theory 
of Lavoitier upon the fame fubjedt. 

\Vhcn the mechanical fyftem was in vogue, according to 
which the chemical aCtion of bodies was explained by the 
fuppofed figure and fizc of their refpedive molcculx, acids 
were fuppofed to be a genus of falls, compofed of extremely 
fmall ana (harp fpiculac, which readily penetrated into the 
minuted pores of the fubdanccs fubjefted to their aftion, 
and thus feparated from each other their component parts ; 
while, at the fame time, the acid became neutralized by its 
points being (heathed in the pores of the body with which 
It was mixed. Tliis explanation was, however, ably con- 
troverted by Boyle, and by Stahl in his work on falu ; and, 
at length, together with other chemical phenomena, the 
foivcnt power of acids was arranged by bfacquer and his 
contemporaries, under the general laws of eledlive attradlion. 

After a few of the acids were difeovered, it was fuppofed 
by Paracelfus, and feveral chemids of his age, that there 
exided an univerfal faline element, or principle of acidity 
common to all acids, which therefore differed from each other 
Kath^rin mode than efTcnce. Becchcr, though he allowed 
the unity of the caufe of acidity, yet aiffirmea it to be com- 
poftd of water and vitrifiablc earth, and therefore not en- 
titled to rank as an element. Stahl, in his valuable re- 
fcvirclics into tlic exidence of phlogidon, and the compofi- 
tion of falts, was induced to believe that the fulphuric acid, 
or as it was then called the vitriolic, was the oz^inal acid, 
of which all the red were only modifications. A fimilar 
opinion was held by Sage and Landriani, except that the 
former fuppofed the pho^horic acid, and the latter the car- 
bonic acid, to be the pnmary one. The difeofery of dc- 
phlogidicatcd air, (oxygen gas) having been made by Pried- 
ley in 1774, ® niultitudc of experiments w^crefoon after in- 
ftituted by iRe chemids of Eurape on this intcreding fub- 
daucc ; and, in 1778, a memoir was prefented to the royal 
pcademy of fciences at Paris, by Lavoificr, op the compo- 
lition of the acid of fugar. In this, after having deferibed 
the method of preparing the acid of fugar by means of ni- 
trous acid, he concludes, that the coaverfion of nitrous acid 
into nitrous gas, is owing to the abdra£tion of part of its 
oxygen by the fiipcrior affinity of fugar for this fubdance, 
and that the fugar in confequence of its union with oxygen 
acquires the properties of an acid. Proceeding afterwards 
to generalize this inference, he maintains that oxygen is the 
univerfal acidifying element, and that by combining in cer- 
tain proportions with combudiblc bafes witliout decompof- 
iiig them, it thereby converts them into peculiar acids. 
This doctrine, fiinple and elegant, and plau(ible as it was, 
did not however at fird meet with general concurrence ; 
hut, in the coiirfc of the controverfy, it gradually acquired, 
Sind merited new advocates from the accumulated tedimonics 
,uf experiment in its confirmation.— The publication of La- 
jro Tier’s Elements of Chemiftry, in 1789, contributed more 
any tiling clfc to fettle the opinion of chemids upon 
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the fubje£l ; in this wo *k he demonftrates that phofphorus 
and charcoal, and fulphur, being feparately inflamed in 
oxygen gas, combine with its bafe, acquire an additional 
weight eq^uivalent to that of the air confumed, and arc 
converted into the phofphoric, carbonic, and fulphuric acids. 

Befidcs the fynthetical arguments above alluded to, tlie 
I-.avoifcrian theory is fupported by an equal number of 
analytical experiments, in which mod of the known acids 
arc dccompofed into oxygen, and one or more combudiblc 
bafes. The mod elegant fpecimen of both kinds of proof 
is fiirnifhed by the nitrous acid : if purified nitre, (nitrat of 
potaOi) previoufly deprived of its water of ciydallization, 
be expofed in a filver retort to a low red heat, a laxge quar- 
tity of gas, confiding of oxygen and azot, in the proper- 
tion of about 80 of the former to 20 of the latter, will be 
given out, and pure potafh will remain in tlie retort, whofe 
weight together with tliat of the gaffes will be equivalent to 
that of the original nitre ; the mixed gaffes are Wholly dedi- 
tute of acid properties, but by being forced into union by 
means of the clc£tric fpark, their volume is gradually dimi- 
nifhed, and at length the whole is reduced to an acid liquor, 
poffeffing all the qualities of nitrous acid ; if this and the 
potafh remaining in the fird proceft be mixed together, 
chemical union immediately enfues, and nitre is repro- 
duced. 

Three of the known acids arc incapable of being decom- 
pofed by any method that we are at prefent acquainted 
w'ith ; it is therefore only from analogy that they arc fup- 
pofed to contain oxygen tor their aciditying principle ; this 
circumdance, however, is no peculiar objection to the theory 
of Lavoifier, for fince all the decompofable acids m:^ be 
refolved into oxygen and a fimple or compound cotfibuftible 
bafe, it feeihs confident with the principles of chemical phi- 
lofophy to cdablilh that as a general law, to which in the 
prelent date of our knowledge, there is not a (ingle excep- 
tion. 

Subdances, whofe mutual affinity is confiderable, may 
combine with each other in various proportions, and the re- 
fulling compounds will vary in their properties accordingly : 
this is the cafe with all the know n acidifiable bafes which 
in their lowed date of oxydation exhibit no acid properties 
whatever : nor is the dcvelopement of an acid an evidence of 
the compleat faturation of its bafe with oxyg^, there being 
feveral acids capable of combining with additional quantities 
of oxygen, and thus acquiring new and more decided acifl 
charaders. — It is even fuppofed that feme bafes may be 
oxygenated in three different degrees, prefemng in each the 
effenti^l qualities of acids : hence refults an important ai*- 
rangeircnt of acids according as they arc oxygenated in the 
fird, fecond or third degree. The reformed chemical no- 
menclature on the pri’irf:iplcB of Lavoifier and Morveau, has 
ingenioufly didinguidied thefe dates by the terminations oui 
and icf and the prefix oxy (for oxygenated) ; thus fulphur, at 
the lowed date of oxygenation in which it acrmircs acid 
properties, is called fu^hureous acidf w'hcn iiul further 
oxygenated it becomes fulphuric aetdi thus alfo, muriatic 
acid, when raifed to the third degree of oxygenation, be- 
comes oxy^muriatic acid* 

The old chemids divided acids into mineral, vegetable, 
and animal, according to their fuppofed origin ; this, how- 
ever, is not only an inconvenient, but an incorreft me- 
thod of arrangement, as many of thefe bodies ai*e found 
in all the three natural kingdoms. Upon tlie whole, 
perhaps, Uic bed way of ananging them is the follow* 
mg: 
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States of Oxygenation. 

ift. 2tl. 3d. 

^Sulfhuv • Sulpha- Sulphuric 
rcous - 

^zot • Nitrous - Nitric 
With fim- Pbojpho-^ Pliofpho- Phofpho- 
pic ra-^ rus - rcous - He 
dicals. Carbon • • - - - Carbonic 
Arfcnic - Arftnious Arfenic 
Molyhilcna - - - - Molybdic 

^Chrome Chromic 


^Acetous • 


With dou- 
ble ra- 
dicals. 


With tri- 
ple ra- 
dicals. 

With un- 
known 
radicals. 


r Carbon 
I and/(y- 
1 drogen 
in dif- < 
ferent 
propor- 
tions. 


' Carbon^ 
Hydro- 
geny and 
Azot. 


Acetic 
'I’aitaric 
Citric 
Oxalic 
Malic 
Gallic 
Benzoic 
Succinic 
Sacebo- 
]a6lic 
Formic 
Scbacic ? 

Pruffic 

Lithic 

Muriatic - Oxymu- 
Fluoric natic 
Boracic 


The chemifts of the laft century feem to have been 
acquainted only with the three mineral acids, as they arc 
called, viz. the fulphuric, nitric, and muriatic, and with the 
acetous acid or vinegar : the accuracy and induflry of the 
moderns have increaW the number of fpccics to twenty-nine ; 
how many more may be hereafter added to the liH: it is 
impolfible to afeertain. Without adverting to the pofli- 
bility of difeovering new acidihable bafes, it is by no means 
improbable, however, that many of the fimple combudible 
bodies as the metals, or the compound ones as phofphorated 
hydrogen, fulphurated hydrogen, the metallic pholphurets, 
&c. may be fo far faturated with oxygen, as to become pe- 
culiar acids. 

The chara^^criftic properties of acids, 1. e, the peculiar 
laws and effects of their adtion on other chemical fub- 
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ilances, yet remain to be mentioned. 

1. When taken into the mouth they occafion a four tafte. 

The oxymuriatic acid alone is deftitute of this property ; 

the reft pofTefs it in a greater or lefs degree according to 
their liouid or folid form, and the energy with which they 
ad^ on tlie animal fibre, from the corrofive apd intenfely four 
fulphuric acid, to the boracic, whofc tafte can fcarccly be 
perceived. 

2. They change native vegetable blues to red. 

Indigo is not turned red by any acid, nor does turnefol 
paper yield to fome of the weakeft ones, but both thefe 
pigments are artificial : the fulphureous and oxymuriatic acid 
dilcharge entirely the native vegetable blues, not however 
before haying changed tliem to red. 

3. They have a ftronger affinity for alkalies than thefe 
have for afny other fubltance. Therefore, all the folublc 
combinations of alkalies with metallic oxyds, with earths, 
with fulphur, &c. are decompofed by any acid. 

4* They combine* with earths, with alkalies, and with 
metallic oxyds, forming the numerous ai>d very important 
dalles of earthy, neutral, and metallic falls, moll of which 
are fufceptiblc of cryftallization. 

5. The property of incombuftibility has been generally 
attributed to acids as a charadleriftic, but certainly very 
erroneoufly. The moft iiicombuftible of the acids are 110 
more fo than the fixed alkalies, the earths, and the perfect 
metallic oxyds ; and all the acids with two or three radi- 
^2^8, and thnfe with fimple radicals in the firft date cf 
oxygenation, are, ftridly fpeaking, combuftible, that is, they 
unite at a certain temperature with oxygen gas, during 
which combination heat, and in fomc calcs light alfo, arc 
extricated. 

The medical effefts of acids arc confidcrablc, and vary 
according to their degree of concentration ; U)C moft aftivc, 
when pure, or nearly fo, are ufed externally as cauftics and 
efcharotics, and as powerful ftimulants in fome cafes of 
palfy: if largely diluted with water, they may be fafely 
employed internally in fevers, inflammations, and hemorr- 
hages, as refrigerants and aftringents. 

For the particular acids,, fee them under their fpecific 
names. 

Encycloped. Method, art. Acide. — Lavoifier’s Elements 
of Chemiftry. — Prieftley on Air, vol. ii. — Fourcroy, Syf- 
teme des Connoif. Cbimiq. vol. ii.-— Macquer’s Chem. Didt. 
art. Acid. Cullen Mat. Med. vol. ii. 
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AEROSTy\TlON, formed of nnd of 

tile of uu\;hts^ in its primary and 

pujper IciilH, d.‘notcs the feience of weights, fuTpciuled 
jn the air; but in the modern appliration of the term, it 
n^Tuilies the art of navi^pition thronj;h the air, both in the 
piineiplcs and the piactice of it, lienee alfo the machines, 
which are employed for this purpofe, arc calird aetojlalf, or 
acrrjhtfh and, on accoimt of their round li,j-nrc, 

alr-LaJhons. '1 he oa ou'Vt^ fornnd of ani^ and »aw»;5, 
is the pcifoj'. who navi^.-les through the air by means of 
fucli m.u:l\ines. 

A FROSTA'i ION , cf Tlic fimdamcntal princi- 
ples of tins art i;avc lonc^ and f^ehenUy known j 

although the applieaiicn of then. piadliee fcenis to be 
altogether a modern difeovery. 'i^luy are particularly 
illalirntcd in this Dlt^drnwry l! e ri tides IVd^hl of 

Air, FJrfliihy of y\iR, and ^p^' ju: C^rA^irv* 

It will be fuflieient, ihcrtfon., lo oLivivc in this place, 
that any body, which is fpecifieally, cr bulk for bulk, 
lighter than the atmofpheric air rncompairing the earth, will 
be buoyed up by it, and afeend ; but as the dcnfity of the 
ATMOS PH ERJi dccrcafes, c;. account of the diminifhed pref- 
fure of the fuperincuir.bc;,t air, a’.id the claftic property 
wdiicli it pontflts, at didemu elevrtioni above the earth, this 
body can nfe only to a height m which the furroundiiig 
air will be of the fame fpecific gravity with itfelf. In this 
fituation it will either float, or be driven in the direction of 
the wind or current of air, to which it is expofed* An 
air-balloon is a body of this kind, the whole mafs of which, 
including its covering and contents, and the fevcral weights 
annexed to it, is of lefs fpccific gravity than that of the 
air in which it rifes. 

Heat is well known to rarefy and expand, and coufe- 
qucntly to icflen the fpccific gravity of the air to which it 
is applied ; and the diminution of its weight is proportional 
to the heat. To the obfervations that occur under Elaf-> 
ticify of Air to this purpofe, we fhall here add, that one 


degree of heat, accord mg to the fcalc of Fahrenheit's 
tlu rmometer, feems to expand the air about one four hun- 
dredth part ; and about 400, or rather 4;^/;, degrees of 
will jnil doni)le the bull: of a quantity of air. If, 
therefore, the air iucloral in aiiy kind of coveiing be heated, 
and confequcntly dilated, to fuch a degree, as that the cx- 
ccTs of the weight of an equal hulk of common air above 
the weight of the air, is greater than tlkc weight of 

the covering and its appendj^gts, tins whole mafs will afeend 
in the atmorplicrc, till, by tlie cooling and condenfation of 
the inrludid air, or the diniininied dcnfity of the furround- 
ing air, it becomes of tlic fame fpccific gravity with the air 
in \dnch it floats; and without renewed heat, it will gra- 
dually dtfeend. 

If, inllead of healing cemmon air inclofcd in any cover- 
ing, and I'ms diminiflung its weight, the covering be filled 
w ith an ekdlic fl'iitl, lij^lilcr ih.m i-t mofph eric air ; fo that 
the exctfs of the wc'ght of an equal bulk of the latter 
above that of the inclofecl elalllc fluid be greater than the 
weight of the covering and its apjicndages, the whole mafs 
Will in tin's cafe afeend in tlie atmorplitre, and continue to 
rife till it attains a lu ialit at wl'.ich the fnrroimding air i$ of 
the fame fpecific gravity with ilfclf. Inflammable air is a 
fluid of this kind. For the knowledge of many of its pro- 
perties, we arc‘ indebted lo Mi. Henry Cuvendilh ; who 
difcovercd, that if common air is eiglit hundred tiniei 
lighter than water, infl'’imma!?le air feven tin'.cs lighter 
than common air ; brl if common air is dglit laindrcd and 
fifty times lighter than wa'ji, ti 'ju iunrirurablc air is jo,S 
times lighter than common air. S. e FMl. Ihauf, vol. Ivi. 
art. i9. V;'d J.'if,iih^,id'!c Am cr f 'vrKcerN. 

The conilnuftion of a’r-balbons (hpords upon the prin- 
ciples above Hated ; and they arc of two kinds, as one 
or the other of liie preceding methods of prej^aring them is 
adopted. 

Af.rostation, lyflory cf In the various fehemes that 

}iarc 
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have been propoftd for navigating through the air, fomc 
have had rccourfe to artificial wings ; wliich, being con- 
ilrufted like thofe of birds, and annexed to the human 
body, might bear it up, and by their motion, produced 
either by mcclianical fprings, or miifcular exertion, effeft 
its progrefs in any dire(^tioii at pleafiirc. This is one of the 
wictliods of artificial living rnggclled by bilhop Wilkins, in 
the ftventh chajiter ot bis Dcdalus, or Trcatife on Mecha- 
nical Motions ; but the fuccefs of it is doubtful, and expe- 
riments made in this way have been few and unfatisfadoiy. 
Borclli (De Motu Animalium, cap. 22. prop. 193 and 204, 
p. 196 and 208, ed. 1710), having compared the power of 
the mufcles which ad on the wings of a bird wfitfi that of 
the mufcles of the brcall and arms of a man, finds the latter 
altogether infuillcient to produce, by means of any wings, 
that motion againll the air, which is ncccflaiy to niife a man 
in the atmofphere. 

Others, with greater probability of fuccefs, have pro- 
pofed to attach the human body to fomc mafs, which being 
lighter than air, might raife itfclf and the annexed weight 
into the regions of that element. This method has adually 
fucceeded ; though Borelli {ubi fupra)% as well as Leibnitz, 
denied the polfibility of a man’s flying by any of the means 
with which they were acquainted. 

It is nctdlcfs to recite any of the accounts relating to 
this fiibjed, which have been tranfmitted to us by the 
ancients. Moll, if not all of them, are fabulous. An 
ingenious writer, in a work cited at the clofe of this article, 
has given us the rcfult of his enquiries into the records of 
antiquity j and he informs us, that the carliell account of 
any thing relating to flying> which has the appearance of 
authenticity, is that pf the wooden pigeon, coullrudcd by 
Archytas in the fourth century, before the Chriftian ssra, 
and of which Aulus Gellius (Nodes Atticae, lib. x. cap. 12.) 
relates, that it could fly by means of mechanical powers, 
and by an inclofcd fpirit. This fpirit, or aura, our author 
apprehends, was nothing more than a fort of animation, 
which the machine appeared to be pofTeffed of, in confe- 
quence of its extraordinary mechanifm. Aerollation was, 
therefore, a fubjed cither altogether unknown, or very 
impcrfedly underftood among the ancients ; unlefs we fup- 

1 )ofe it to be one of thofe arts, of which the records are 
oft. In later times, the fehemes which have been propofed 
by ingenious men feem to have terminated in fpcculation. 
The reader will find a brief account of fome of them under 
^e articles Atmosphere and Arttficuil Flying, and a 
more comprehcnfive hiftory of the projeds and atchieve- 
ments of different perfons, in the work cited below. Upon 
the whole it appears, that the art of traverfing the air is an 
invention of our own time ; and the whole hiftory of it is 
comprehended within a very fhort period. 

Soon after Mr. Cavendiih’s difeovery of the fpecific m- 
vity of inflammable air, it occurred to the ingenious I)r. 
Black of Edinburjgh, that if a bladder, fulficicntly light 
and thin, were filh'd with this air, it would form a mafs 
lighter than the fame bulk of atmofphcric Jiir, and rife 
in it. This thought was fnggefted in his Icdures in 1767 
or 1 768 ; and he propofed, by means of the allantois of a 
calf, to try the experiment. Other employments, how- 
ever, prevented the execution of his defign. The poffibi- 
htj ot conftruding a vcflel, which, when filled with inflam- 
mable air, wotild aCcend in the atmofphere, hkd occuri^d 
aUb 40 Mr. Cavallo about the fame time ; and to him 
belongs the honour of having firft made experiments on 
this fubjift, in the beginning of the year 1782, of which 
an account wtts read to the Iloyal Society, on the xoth of 


June in that year. He tried bladders j but the thinneft of 
tliefe, however feraped and cleaned, were too heavy. In 
tifiug China paper, he found that the inflammable air paffed 
through its pores, like water through a fieve ; and having 
failed of fuccefs by blowing tMs air into a thick folution of 
gum, thick varnilhes, and oil paint, he ivas under a necef- 
lity of being fatisfied with foap-balls, which, being inflated 
with inflammable air, by dipping the end of a fmall glafi 
tube, connedled with a bladder containing the air, into a 
thick folution of foap, and gently coinprtfiing the blad- 
der, afceiided rapidly in the atmofphere $ and thefe were- 
the firft fort of inftammable air-balloons that were ever 
made. 

For balloons formed on a larger fcale, and on the prihw 
ciple of rarefied air, wc muft dired our attention to France ; 
where the two brothers, Stephen and Jofeph Montgolfier, 
paper-inanufa^urers at Annonay, about 36 miles firoiw 
Lyons, diftinguiflied themfelves by exhibiting the firft of 
thofe aeroftatic machines, which have fince excited fo much 
attention and aftoniftiinent. The firft idea of fuch a ma- 
chine was fnggefted to them by the natural afeent of the 
fmoke and clouds in the atmofpnere ; and the firft experi- 
ment was made at Avignon by Stephen, the cldeft of the 
two brothers, towards the middle of November, 1782*. 
Having prepared a bag of fine iilk, in the (hape of a paral- 
lelepipedon, and in capacity about forty cubic feet, he 
applied to its aperture burning paper, which rarefied the 
air, and thus formed a kind of cloud in the bag ; and when 
it became fufficiently expanded, it afeended rapidly to the 
deling. Soon afterwai^s the experiment was repeated by 
the two brothers at Annonay, in the open air, when the 
machine afeended to the height of about feventy feet. 
Encoumged by their fuccefs, they conftruAed a machine, 
the capacity of which was aboiH 650 cubic feet ; which, 
in the experiment, broke the ropes that confined it, and 
after afeending rapidly to the height of about 600 feet, 
fell on the adjoining ground. With another machine, 35 
feet in diameter, they repeated the experiment in April, 
1783 ; when breaking loofe from its confinement, it role to 
tlie height of above 1000 feet, and being carried by the 
wind. It fell at the dillance of about three quarters of a 
mile from the place where it afeended. The edacity of 
this machine was equal to about 23,430 cubic feet ; and 
wheu inflated, it meafured 1 1 7 Englilh feet in circumfe- 
rence. The covering of it was funned of linen, lined with 
paper ; its ftiape was nearly fphcrical ; and its aperture was 
fixed to a wooden frame about 16 feet in furface. When 
filled with vapour, which was conjeftured to be about half 
as heavy as common air, it was capable of lifting up about 
490 pounds, bclides its own weight, which, together with 
that of the wooden frame, was equal to 500 pounds. 
With this macliine the next experiment was perfonned at 
Annonay, on the 5th of June, 1783, before a great muh 
titude of fpeclators. The flaccid bag was fufpended on a 
pok 35 feet high ; ft raw and chopped wool were burnt 
under the opening at the bottom 5 the vapour, or rather 
fmoke, fooQ inflated the bag, fo as to diftend it in all its 
parts ; and this immenfe mats afeended in the air with fuch 
a velocity, that in lefs than 10 minutes it reached the 
height 01 about 6000 feet. A breeze canned it in an hori- 
zontal direction to the diftance of 7668 feet ; and it then 
fell gently on the ground. Mr. Montgolfier attributed the 
afeent of the machine, not to the rareia^ton of the heated 
air, which is the true caufe, but to a certain gas or aerifoinn 
fluid, fpecifically lighter than common air, vmich was fup- 
pofed to be difengaged from burning fubftances, and whick 
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ka« been commonly called Montgolfier’s ga8> as balloons of 
this kind have been denominated Montgol^n* 

As foon as the news of this experiment reached Paris^ 
the philofophers of the city, conceiving that a new fort of 

f as, half as heavy as common air, had been difeovered by 
fefTrs. Montgolfier, and knowing that the weight of in- 
flammable air was not more than the eighth or tenth part 
of the weight of common air, juftly concluded that in- 
flammable air would anfwer the purpofe of this experiment 
better than the gas of Montgolfier, and rcfolved to make ‘ 
trial of it. A fubfeription was opened by M. Faujas de 
St. Fond towards defraying the expence of the experiment. 
A fiifficient fum of money having been foon raifed, Mcffi-s. 
Roberts were appointed to conftriidl the machine j and M. 
Charles, profcflbr of experimental philofophy, to fuperin- 
tend the work. After furmounting many difhculties in 
obtaining a fufiiclent quantity of inflammable air, and find- 
ing a fuD(lance light enough for the covering, they at length 
Conllru£lcd a globe of luteftririg, which was rendered imper- 
vious to the inclofed air by a varnifli of elalUc gum or 
CAOUTCHOUC, difloivcd in feme kind of fpirit or eflential 
oil. The diameter of this globe, which from its fhape w^as 
denominated a balloon, was abput thirteen feet, and it liad 
only one aperture, like a bladder, to which a flop-cock was 
adapted : its weight, when empty, together with that of 
the flop-cock, was 25 pounds. On the 23d of Auguft, 
1783, they began to fill the globe witli inflammable air; 
but this, being their fii ft attempt, was attended with many 
hindrances and difappointments. At lafl, however, it was 
prepared for exhibition ; and on the 27th it was carried to 
the Champ de Mars, where, bciiog difengaged from the 
cords that held it down, it rofe before a prodigious con- 
courfe of people, in Icfs than twa minutes, to the height of 
3123 feet. It then entered a cloud, but foon appeared 
again ; and at lafl it was loft among other clouds. Thia 
balloon, after having floated about three quarters of an hour, 
fell in a field about fifteen miles diftant from the place of 
afeent ; where, as we may naturally imagine^ it occafioned 
much aftonifhmcnt to the peafants. Its tall Wts owing to a 
rent, occafioned bv the cxpanfion of the inflamnlable air in 
that rare part 01 the atmofpherc to which it afeended. 
When the balloon went up, its fpecific gravity w’-as 35 
pounds lefs than that of common air. 

In confequence of this brilliant experiments many bal- 
loons were made on a fmall fcale ; gold-beaters ^cin was ufed 
for the covering ; and their fizc was from 9 to 18 inches 
in diameter. 

Mr. Montgolfier repeated an experiment with a machine 
of his couftruftion before the commiflaries of the Academy 
of Sciences on the iith and 12th of Scptttnbcr. This 
machine was 74 feet high, and about A3 feet in diameter* 
When diftend^, it appeared fpheroidicaf. It was made of 
canvas, covered with paper, both within and without ; and 
it weighed 1000 pounds. 

The operation of filling it with rarefied air, produced by 
means of the combullion of 50 pounds of dry flraw, and 
1 2 pounds of chopped wool, was performed in about nine 
minutes ; and its force of afeenfion, w'hen inflated^ was fo 
great that it raifed eight men who. held it fomc feet from the 
ground. This machine was fo much damaged by the rain> 
Siat it was found ncceflary to prepare another for exhibition 
before the king and royal family on the 19th. This new 
machine confifted of cloth, made of linen and cotton thready 
and was painted with water-colours both within and with- 
out. Its height tvas near 60 feet, and its diameter about 
43 feet. Having made the ncceflary preparations for in- 


flating it, the operation was begun about one o'clock on 
the 19th of September, before the king and queen, th« 
couit, and all the Farifians who could procure a conv^ance 
to Verfailles. In eleven minutes it was fuificiently diftend- 
cd, and the ropes being cut, it afeended, bearing up with 
it a wicker cage, in which were a fheep, a cock, and a 
duck. Its power of afeenfion, or tlie weight by which it 
was lighter than an equal bulk of common air, allowing for 
the cage and animals, was 696 pounds. 

This balloon rofe to the height of about 1440 feet ; and 
being driven by the wind, it aefeended gradually and fell 
gently into a wood, at the dtflance of 10,200 feet from 
Verfailles. After remaining in the atraofphcre eight mi- 
nutes, the animals in the cage wera fafely landed. The 
fheep was found feeding ; the cock had received fomc hurt 
on one of his wings, probably from a kick of the fheep ; 
the duck was perfc£lly well. 

The fuccefs of this experiment induced M. Pilatre de 
Rozier, with a philofophical intrepidity which will be re- 
corded with applaufe in the hittory of aeroftation, to offer 
himfelf as the lirft adventurer in this aerial navigation. Mr* 
Montgolfier conflru£lcd a new machine for this purpofe ia 
a garden in the Fauxbourg St. Antoine. Its Ciapc was 
oval ; its diameter being about 48 feet, and its height about 
74 feet. To the aperture at the bottom was annexed a 
wicker gallery about three feet broad, with a balluftrade 
about three feet high. From the middle of the aperture 
was fufpended by chains, which came down from the fides 
of the machine, an iron grate or brazier, in which a fire 
was lighted for inflating the machine ; and port-holes were 
opened in the gallery, towards the aperture, through which, 
any perfon, who might venture to afeend, might feed the 
fire on the grate with fuel, and regulate the dilatation of the 
inclofed air of the machine at pleafure. The weight of this 
aeroftat was upwards of 1600 pounda. On the 15th of 
October, the fire being lighted and the machine inflated,, 
M. P. de Rozier placed himfelf in the gallery, and afeended, 
to the aflonifliment of a multitude of fpe^lators, to the 
height of 84 feet from the ground, and there kept the 
machine afloat during 4' 25", oy repeatedly throwing flraw 
and wool upon the fire : the machine then defeended gra- 
dually and gently, through a medium of increafing denuty, 
to the ground ; and the intrepid adventurer aUured the 
fpedtators that he had not experienced the leafl incon- 
venience in this aerial excurfion. This experiment vfzb re-- 
peated on the 17th, and on the 19th, when M. P. de 
Rozier, in his defeent, and in order to avoid danger by 
reafcendlng, evinced to a multitude of obfervers, that the 
machine may be made to afeend and defeend at the pleafure 
of the aeronaut, by merely increafing or diminiihing the fire 
in the grate. The balloon having been hauled down, M. 
Giraud de Villette placed himfelf in the gallery oppofite to. 
M. Rozier ; and being fufTered to afeend, it hovered for 
about nine minutes over Paris in the fight of all its inha- 
bitants at the height of about 330 feet. In another ex« 
periment the marquis of Arlandes afeended with M. Rozier 
much in the fame manner. In confequence of the report of 
the preceding expei^ment, figned by the commiflaries of the 
Academy of Sciences, it was ordered that the annual prize 
of 600 livrea Ihould be given to Meflrs. Montgolfier for the 
year 1783. In the exjperiments above recited the machine 
was fecured by ropes : but they were foon fucceeded by un« 
confined aerial navigation. Accordingly the balloon of 74 
feet in height, above mentioned, was removed to 
Muettc, a royal palace in the Bois de Boulogne : and all 
things being ready, on the 2lfl of November M. P. de> 
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Rozier and the marquis d'Arlandes took their refpe^llvc 
pods in the gallery, and at 54 minutes after one the machine 
was abfolutely abandoned to the clement, and afeendtd 
calmly and majcftically in the atmofphere. The aeronauts, 
having reached the height of about 2S0 feet, waved their 
hats to the ailoniihed multitude ; but they foon rofe too 
high to be diilinguidied, and are thought to have foared to 
an elevation of above ^^coo feet. They were at Mi diiven 
by a north-well wind horizontally over the river Seine and 
over Paris, taking care to clear the ftccples and high build- 
ings by incrcafing the fire ; and in rifing met with a current 
of air, which carried them fouthward. Having pafTed the 
Boulevard, and dcfilting from fupplying the fire w'ith fuel, 
they defeended very gently in a field bt'yond the new Bou- 
Ifvard, about ^000 yards diftant f om the palace de la 
Muettc. Tluy were in the air about 2 'J miniitts. The 
wciglit of the whole apparatus, including that of the two 
ti*avellers, was between 1600 and lyoo pounds. 

Notwithdanding the rapid progreis of aerodatlon in 
France, \vc have no authentic account of any aerofiatic cx- 
pt'iiments performed in other countries till about the clofc 
of the year 178,;). The full experiment of this kind, pub- 
licly exhibited in our own country, was performed in London 
on tlie 25th of November, by count Zambeccari, an inge- 
nious Italian, with a balloon of oil filk, 10 fed in diameter, 
and weighing 1 1 pounds. It was gilt, in order to render it 
moi e beautiful and more impermeable to the inflammable air. 
Tliis balloon, three-fourths of which were filled with in- 
flammable air, was launched from the Artillery-ground, in 
the prefence of a vafl concourfc of fpeftators, at one o'clock 
in tiie afternoon, and at half pall three w’as taken up near 
Pctvvorth, in SufTex, 48 miles diftant from London ; fo that 
it travelled at the rate of near 20 miles an hour. Its defeent 
was occafioned by a rent, which mull have been the effedlof 
the rarcfiu^lion of the inflammable air, wlien the balloon 
afeended to the rarer part of the atmofphere. 

The Parifiau philolopherfi having concerted and executed 
the llrll aerial voyage with a balloop inflated by heated air, 
determined to attempt a fimilar voyage with a balloon filled 
with inflammable air, which feemed to be preferable to 
dilated air in every refpcdl, the expence attending it ex- 
cepted. A fubfeription was opened to defray the charges, 
which were eftimated at about ten thoufand livres ; and the 
balloon was conftrudted by Mefli s. Roberts, of gores of filk, 
varnilhed with a folution of elaftic gum. Its form was fphe- 
rical, and it meafiired 27^, feet in diameter. The upper 
hemirphtre was covered by a net, vriiich was faftened to ihe 
hoop encircling its middle, and called its equator. To this 
equator was fufpended by ropes a car or boat, covered 
with painted linen and beautifully ornamented, winch 
iwung a few feet below the balloon. In order to prevent 
the burfting of the macliinc by tlic cxpanlioii of ihc inflam- 
mable air in a rarefied medium, it W’as tiiruiuied vith a valve, 
which might be opened by means of a firing annexed to it, 
for the difeharge or part cf the internal air \vithout admitting 
the external to enter. To this balloon was like wife annexed 
a long pipe through wliicli it was filled. The apparatus for 
filling it confifted of fcveral cafks placed round a large tub of 
water, each of which had a long tin tube, tcrminaiing under 
a veflcl or funnel, tli:tt was inverted into the water of the tub. 
A tube proceeding from this funnel, communicated with the 
balloon, which flood jiill over it. Iron tilings and diluted vi- 
triolic add were put into the c<dks; and the inflammable air, 
produced from thtfe materials, pafled through tfic tin tubes, 
through the waier cf the tub, and llirough the funnel of the 
.balloQU. The car was ballafted with fand>bags ; fo that by 


letting fomc of the air efcape through the valve they might 
defeend, and by difeharging fomc of their ballaft afeend. 
The fpccific gravity of the inflammable air, with which the 
balloon was filled, w^as to that of .common air nearly as 1 to 
5^, and the balloon’s power of afcciilion, when filled for the 
experiment and when adnally afeending, was twenty pounds. 
The weight of the balloon and of its vaiions appendages was 
6047J pounds, and therefore the weight fuftained by the in- 
flammable air was 624^ pounds : and if. from the w^eight of 
the common air difplaced, which was found to be 7 7 1 pounds, 
the former be fubtraded, there will remain 7 pounds for the 
real weight of the inflammable air contained in the balloon. 

The i ll of December was fixed upon for the difplay of 
this grand experiment ; and every precaution was made for 
conducting it with advantage. The gardai of the 'J’huillie- 
ries was the fccne of operation ; and it was crowded and 
ciscoirpalTed with an innumerable multitude of obfervers. 
Signak V. tre given by the firing of cannon, waving of pen- 
da*ils, &c. A fmall MontgoJfer was launched for fli.ewing 
the direction of the wind, and for the amufement of the 
people, previoufly to the general difplay. At three quartci s 
after one o’clock, M. Chailesand one of the Roberts, hav- 
fcutcd themfclvcs in the boat attached to the balloon, 
5ii;d fi.rnilhcd with proper inllrumcnts, provilions, and 
cloathii'g, left the ground, and afeended with a moderately 
acctlcraied velocity to the height of about 600 yards ; the 
fuiTounding multitude ftanding filcnt with fear and amnze- 
ment. At this height the acriul navigators made fignals of 
their fafciy. When they went up, the thermomctt»r, ac- 
cording to Fahrenheit's fcale, flood at 59®; and the baro- 
meter at 30, 1 8 inches. At ihc height to which they 
afeended the barometer flood at 27 inches, whence they 
deduced their elevation to be nearly 600 yard?. During 
the reft of the voyage the qiiicklllver in the barometer was 
generally between 27 and 27, 65 inches, rifing and falling as 
part of the ballalk was thiown out or fomc of the infiarn- 
inable air cfcaped from the balloon. The thermometer ge- 
nerally flood between 53 and 57^. Soon after their afccnl, 
they remained flationary for lome time : they then moved 
horizontally in the dire6lion of N, N, W. and having crolT- 
cd the Seine, and paficd over fcveral towns and villages, to 
the great allonilhment of the inhabitants, they defeended in 
afield about 27 miles diftant from Paris at a quarter pall 
three o’clock ; fo that they had travtlkd at the rate of 
about fifteen miles an hour, without feeling the leafl incon- 
venience. The balloon flill containing a confiderable quan- 
tity of inflammable air, M. Charles re-afeended alone. In 
ten minutes he thought himLIf at the elevation of about 
1 toifts. The glubc, beirg now in a rarefied medinm, 
fwclkd confiderably ; but when fomc of the inflammable air 
was difeharged, it rofe flill higher. Tlie barometer, vVhich 
at his departure flood at 28 inches four lines, had now 
fallen to 18 inches ten lines. The thermometer, from about 
47® of Fahrenheit's fcale, had funk to 21^^. From the fe 
data the elevation of the globe uas cilimatcd at 1524 toifes, 
or about ,7,100 yards. M. de Meunier fuppofes that he 
afeended to the height of at leafl .?j;co yards. He con- 
tinued in the air about ,73 minutes, and by occafionally 
pulling the ft ring of the t:ppcr valve, and thus letting out 
the gas, he defeendtd about tbn e miles from the place of 
his afeent. All the inconvenieuce he tx peril need in his 
elevation wns a dry fnarp cold, wiili a pain in one of his 
cat's and a part of Lis face, which he afeubed to the dPata- 
tion of the internal air. The fmall balloon, launched by 
M. Montgolfier, was fouud to have moved in a direction 
oppoiUc to that of the aeronauts; whence it is inferred, 
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that there were two currents of air at different heights above 
the eaith. 

In the month of December of this year, f.veral experi- 
ments with balloons were made at Philadelphia, in America, 
by Mcffi*8. Ritteiihoure and Hopkins. They ctmtrived to 
connedt fevcral fmall balloons together, and thus they en- 
abled a man to afeend to the height of loofect, and to float 
to a confiderablc diftance. But fear induced him to cut 
open the balloons, and thus to defeend. Small balloons 
were at this time very common, both in France and Eng- 

\ \i January 1784, Mr. J. Montgolfier, accompanied by 
fi:. other perfons, afeended at Lyons with a large rarefied 
,,’r-balloon, 13 1 feet high, and 104' feet diameter, to the 
height of about ioc>o yards. This was the largeft machine 
that had hitherto been made. It was formed of a double 
covering of linen, vith three layers of pnper between, and 
ffrengthened with firings and ribbons. It coi/.oined about 
540,000 cubic feet of igncotis gas ; and its weiglit, includ- 
ing the gallery and paflengers, was i6oo poimds. After 
remaining in tlic air about lifteeii minutes, a rent in the 
machine occafioned its fall : and when it came within about 
600 feet of the ground, it defeended with a degree of ce- 
lerity which very much alarmed the fpeftators ; but they all 
landed without injury. 

On the 2 2d of I'ebruary an inflammable air-balloon about 
five feet in diameter, was launched from Sandwich in Kent, 
which, travelling at the rate of about 30 miles an hour, 
croffed the Englilh Channel, and defeended in a field about 
nine miles from Lifle, in French Flanders. 

The firfl perfon in Italy, who was at the cxpcncc of con- 
ftrufting an aerollatic machine for making an aerial voyage, 
was the chevalier Paul Andreani of Milan : his machine 
was fpherical, about 68 feet in diameter, and formed upon 
the principle of thofe of Montgolfier, I'hc chevalier, a!)d 
two brothers of the name of Gerli, who had aflifled in the 
conflruflion of it, afeended, on the 25th of February, to 
the height of about 1200 feet; and they rcinaiucd in the 
atmcfpliere about twenty minutes. 

From the calculations made refpefling the opacity 
of this machine, it appears, that the included air was nut 
rarefied above one-third, or that the included warm air 
war, not lofs than two thiids of that whicli would have 
filled the machine, when of the fame temperature with 
the external air ; and this is the utmoft degree of rare- 
fa£lii>n that can be reafonably cxpedled in balloons of this 
kind. 

The next aerial voyage was performed by M. Jean Pierre 
Blanchard, who had for fevcral years been employed, 
though without fucctfs, in attempts of flying by mechani- 
cal contrivances. This voyage was performed in March 
17R4, with a balloon 27 feet in diameter, to which a boat 
was fufperidcd, with two wings and a rudder annexed to the 
boat, and a large umbrella or parachute fpread horizontally 
between the boat and the balloon, defigned to check the 
fall provided that the balloon fliould burll. The greateft 
altitude to which Mr. Blanchard afeended from the Champ 
de Mars at Paris, is fuppofed to be 9591 feet ; and it ap- 
pears from his own acknowledgment that the wings and 
rudder of his boat had little, if any, pow'er in guiding the 
balloon from the dirc£Woii o 5 the wind. He w'as in the air 
an hour and a quarter, and defeended at Billancourt, near 
Seve, after having experinced heat, cold, hunger, and an 
exceffive di^owfincls. 

Acroftatic experiments and aerial voyages became fo fre- 
quent in the courfe of the year 1784, that the limits of this 
article will not allow our particularly recording them* Wc 
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fliall, therefore, merely n'ention thofe which were attended 
w'ith any piculiar circuinftanccs. MefTrs. de Morveau and 
Bertrand afeended from Dijon in April, to the height of 
about 13000 feet, with an inflammable air balloon; the ther- 
mometer was obferved to (land at degrees. They were 
in the air during one hour and 25 minutes, and went to the 
diftance of about 18 miles. Ijieir ears were affcAtd iu 
the manner deferibed by Mr. Charles. The clouds floated 
beneath them, and fecludcd them from the earth ; and they 
jointly repeated the motto inferibed on their aeroftat 
“ Surgit nunc gallus ad sethci-a.*' 

In May, four ladies and two gentlemen afeended wnth a 
Montgolfier at Paris above the nigheft buildings ; the ma- 
chine was confined by ropes. It was 74 feet high, and 72 
in diameter. 

In a fecond voyage performed by Mr. Blanchard from 
Rouen, in May, it was obferved, that his wings and oars 
could not cairy him in any other diredion than that of the 
wind. The mercuiy in the barometer defeended as low as 
20,5:7 inches ; but on the earth, before he afeended, it ftood 
at 30,16 inches. 

At I.yons, on the 4th of June, M. Fleurant and Ma- 
dame I'hible, the firft lady that made an aerial voyage, 
afeended in the prefence of Guftavus king of Sweden to the 
height of 8500 feet, and floated to the diftance of about 
two miles in 45 minutes. 

A balloon, 32! feet in diameter, filled with inflammable 
air, extra6\ed from zinc, was raifed at Nantes on the 14th 
of June with two perfons, viz. M. Couftard de Maffi and 
M. Mouchet ; which afeended to a great height, and in 
58 minutes travelled to the diftance of 27 miles. 

On the 23d of June a large aeroftat, on the principle of 
rarefied air, 91 { feet high aud 79 feet in diameter, was 
elevated by Montgolfier at Verfailles, in the prcfencc of 
the royal family and the king of Sweden. M. Pilatre de 
Rozier and M. Prouft, afeended with it, and continued for 
28 minutes at the height of 11732 feet and obferved the 
clouds below them, that rcfle£led to the region which 
tliey occupied the rays of the fun ; the temperature of the 
air being 5° below the freezing point ; and in three quar- 
ters of an hour they travelled to the diftance of 36 miles. 
In conrequeiico of this experiment the king granted to 
M. Rozier a uenlion of 2000 livres. 

On the 15th of July the duke of Chartres, the two bro- 
thers Roberts, and another perfon, afeended with an in- 
flammable air-balloon of an oblong form, 55! feet long and 
34 feet in diameter, from the Park of St. Cloud : the ma- 
chine remained in the atmofphere about 45 minutes. This 
machine contained an interior fmall balloon, filled with 
common air, by which means it was propof^d to make it 
afeend or defeend without any lofs of inflammable air or 
ballad. The boat was furniflied with a helm and oars, in- 
tended for guiding it. At the place of departure the ba- 
rometer ftood at 30, 1 2 inches. Three minutes after afeend- 
ing, the balloon was loft in the clouds and involved in a. 
denfe vapour. An agitation of the air, refembling a whirl- 
wind, alarmed the aerial voyagers, and oedafioned feveral 
(hocks, which prevented their ufing any of the inftruments 
and contrivances prepared for the direAion of the balloon. 
Other circumftanccs concurred to increafe their danger ; 
and when the mercury, ftanding in the barometer at 24,36 
inches, indicated their height to be about 5100 feet, they 
found it neceflar/ to make holes in the bottom for dil- 
charging the inflammable air : and having made a rent of 
between feven and eight feet, they defeended very rapidly, 
and at laft came fafely to the ground. 

Qn.tbc iBth of July M. filanchard, accompanied by a 
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Mr. Eoby, made bis third aerial voyage with the fame tn- 
llammable air-balloon, at Rouen $ and afeended fo high 
as to make the mercury in the barometer fall 4,76 inches, 
and the thermometer 40'’. In two hours and a quarter 
they floated 45 miles, or at the rate of twenty miles an 
hour. In this voyage Mr. Blanchard conceived, that by 
agitating the wings of his boat he could not only afeend 
and defeend, but move fideways agaiuft the wind ; but fiib- 
fequent trials do not feem to have eftablifhed this fa£t. 
The machine retained its air during the night, and fcvcral 
ladies amiifcd themfclves the next day, by afeending with it 
to the height of 80 feet, the length of the ropes to which it 
v/as attached. 

In the coiirfe of this fummer two perfnns, one in Spain, 
and another in America, were in danger of lofing their lives 
by afeending with rarefied air-inachiries. The former was 
fccrched by the machine’s taking fire, and fo hurt by his 
fall, that hia life was long defpiiircd of ; and the latter was 
wafted againft tlie w'all of a boufe, and fo entangled, that 
he fell from the height of ahotit twenty feet, and the ma- 
tliinc took fire, and was confumed. 

In the month of Augull, the Abbe Carnus, profeflor of 
philofophy, and M. Louchet, profeflbr of belles Icttrec, af- 
eended at Rodez, a town of Guienne in France, with an 
aerollatic machine of 57 feet in diameter. The air was 
calm, and tie machine d'd not travel farther than about 
14,900 yards in ,, 6' minutes ; and the height to which it af- 
eended was ;920 yards above the level of the town. The 
thermometer was 34 degiees lower than it was at the earth 
when they afeendtd. On examining the air in one of two 
bottles, which they had filled at then* highell elevation, they 
found that it contained a quarter Icfs air than if it had been 
filled at about the level of the Tea ; and the air, tried by tlie 
tell of nitrous air, was found more pure than that near the 
furface of the earth. 

The iirll aerial voyage in England was performed in 
London, on the 1 ;th of September, by Vincent Lunardi, a 
native of Italy. His balloon was made of oiled filk, painted 
in alternate ilripcs of bine and red. ItvS diameter was jj 
feet. From a net wliich went over about two-thirds of 
the balloon, dcfcendcd 45 cords to a hoop hanging below 
the balloon, and to which the gallery was attached. The 
balloon had no valve ; and its neck, whicli terminated in the 
form of a pear, was the apertuie tlirough which the inflam- 
mable air was introduced, and tlirough which it might be 
let out. The air for filling tlie balloon was produced from 
zinc by means of diluted vitriolic acid. Mr. Lunardi 
departed from the Artillery-ground at two o’clock ; and 
with him were a dog, a cat, and a pigeon. After throwing 
out fomc fand to clear the houfes, he afeended to a great 
height. The dire£lion of his motion at firft was north-well 
by well ; but as the balloon rofe higher, it fell into another 
current of air, which carried it nearly north. About half 
after three he defetnded very near the ground, and landed 
the cat, which was alinoft dead with cold ; then rifing, he 
profecuted his voyage. He aferibes his defeent to the ac- 
tion of an oar ; but as he was under the neceflity of throw- 
ing out ballail in order to re-afceiid, his defeent was more 
probably occafioned by the lofs of inflammable air. At 
ten minutes jp»iil four he dtfeended on a meadow near Ware 
in Hcrtfordlnire. The only philofophical inftrument which 
he can’ied with him was a tricrmometcr, which in the courfc 
of hifi voyage flood un low as 29*^, and he obferved that 
the drops of water which colle£lcd round the balloon were 
irojttK 

The longed and the mod interefting voyage, which was 
performed about this time, was that of Meffrs. Roberts and 


M. Collin Hullin at Paris, on the 19th of September. 
Their aeroflat was filled with inflammable air. Its diame* 
ter was 27I feet, and its length 46! feet, and it was 
made to float with its longed part parallel to the horizon, 
with a boat of nearly 1 7 fett long attached to a net that 
went over it as far as its middle. To the boat were an- 
nexed wings or oars, in the form of an umbrella. At 
12 o’clock they afeended with 450 pounds of ballad, and 
after various manoeuvres defeended at 40 minutes pad fix 
o’clock near Arras, in Artois, having ftill 200 pounds of 
tlieir ballad remaining in the boat. Having rifen about 
14CO feet, they perceived dormy clouds which they en- 
deavoured to avoid ; but the current of air w*as uniform 
from the height of 600 to 4200 feet. The bErometer on 
the coall of the fea was 29,61 inches, and funk to 23,94 
inches. They found that by working with their oars, they 
acctlcrated their courfe. In the prolecution of their voy- 
age, whicli was 150 miles, they heard two claps of thunder; 
and the cold occafioned by the approach of ftormy clouds 
made the thermometer fall from 77® to 59^, and condenfed 
the inflammable air in the balloon, fo as to make it defeend 
very low. From fomc experiments they concluded, that 
they w^erc able by the life of two oars to deviate from the 
diredion of the wind about 22'’. But this experiment re- 
quires repetition, in order to afeertain with accuracy the cf- 
fc6l here aferibed to oars. 

The fecond aerial voyage in England was performed by 
Mr. Blanchard and M. Sheldon, profeflbr of anatomy to 
the Royal Academy, the firll Englilhman who afeended 
with an aerollatic machine. This experiment w^as perform- 
ed at Chelfca on the i6th of October. The wings ufed on 
this occafion feemed to have produced no deviation in the 
machine’s tracks from the diredion of the wind. Mr. 
Blanchard, having lauded his fiitud about the dillance of 
14 miles from Chelfca, proceeded alone with different cur- 
rents ; and afeended fo high as to experience great difficulty 
of breathing ; a pigeon alfo, wlrcn flew away from the 
boat, laboured for ibme time with its wings, in order to 
fullain itfelf in the rarefied air, and after wandering for a 
good while returned and relied on one fide of the boat. 
Mr. Blanchard perceiving the Ra before him defeended near 
Riuufcy, about 73 inflttH trum Loudon, having travelled at 
the rate of nearly 20 miles an hour. 

On the T2th of Oclober, Mr. Sadler, of Oxford, made 
a voyage of 14 miles from that place in 17 minutes, w'ith 
an inflammable air balloon of hii own contrivance and con- 
llriidlion. 

Mr. Blanchard’s fifili aerial voyage was performed from 
London on the 30tli of November, in company with Dr. 
J. Jefferies, a native of America. This voyage was about 
twcuty-one miles. It docs not appear that they derived any 
advantage from their oars in dirctling the courfe of the bal- 
loon. 

On the 4th of January 178^«;, Mr. Harper afeended 
with an inflammable air-balloon from Birmingham: he 
went to the dillance of 50 miles in about an hour and a 
quarter, and found no inconvcniencies befide fuch as might 
be expet^cd from the changes of wet and cold, and a tem- 
porary deafnefs. The thermometer defeended from 40® to 
28®. 

On the 7th of January Mr. Blanchard, accompanied by 
Dr. Jefferies, departed with the balloon, which had carried 
him live times through the air, from Dover callle towards 
the^Frcnch coall. In their paffa^e they were under a ne- 
cclfity of throwing away every thing which they had with 
them in the boat, and to part even with their clothes, in 
order to prevent the balloon from falling into the fea : but 
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at tliey approached the land, it began to rife t and in two 
hours they^ reached tlio high grounds near Calais, and the 
balloon rifing ftill higher over the land, they defeended 
fafely in the foreil of Guiennes. In confequence of this 
voyage the king of France pa^fented Mr. Blanchard with a 
gin of 1 2000 livres, and granted him a penfion of 1 200 livres 
a year. A bottle which was thrown out of the boat in the 
time of their danger, llriick the water with fuch force, that 
the (hock was heard at a coniiderablc elevation, and fcniibly 
felt on the Car and balloon. 

On the X9th of January Mr. Crofbie afeended at Dublin 
with an inflammable air ballooivto a great height, and rofe 
fo rapidly as to be out of fight in 3 J minutes. By opening 
the valve he defeended fuddenly as he approached very 
near the fea. On the 23d of March Count Zambeccari and 
Admiral Sir Edward Vernon afeended at London, and 
fiEuled to Horfliam in Suflex, at the diflance of 35 miles, in 
Icfs than an hour. At the height of about two miles, the 
barometer having fallen from 30. 4 inches to 20. 8 inches, 
an accident endangered them, and obliged them to defeend. 
In their defeent they pafled through a denfc cloud, which 
covered them with inow. They obferved that the balloon 
revolved perpetually round its vertical axis, with fuch ra- 
pidity as to perform each revolution in four or five feconds ; 
they alfo mention a kind of milling noife, which they heard 
among the clouds, and that the balloon was greatly agi- 
tated in its defeent. On the ctb of May, Mr. Sadler and 
Mr. Windham afeended at Moulfcy Hurd ; and were 
driven by a current of air towards the fea. They fortu- 
nately defeended at the conflux of the Thames and Med- 
way ; but the cords of tlicir machine being releafed, it in- 
ilantly afeended and floated to a confiderable diflance, and 
was taken up by a trading vcflel at fea, where it fell. On 
tlic 1 2th of May, Mr. Crofliie afeended at Dublin) but foon 
came down again with a velocity which alarmed the fpec- 
tatorsw Upon his defeent, Mr. M*Guire, a college youth, 
fprung into the machine, and was carried off by the afeend- 
ing balloon towards the Channel ; he at tengt|b fell into 
the fea, and was taken up by a boat difpatchcdfoir his relief, 
juft when his flrength was exhaufted with fwimming, and 
thus his life w as faved. 

The fate of M. P. di. Ro/.ier, the firfl aeml navigator, 
and of his companion M. Rojnain, has been muck lamented. 
’Phey afeended at Boulogne on the I5tli of fenc, with an 
intention of eroding the Channel to England, Their ma- 
chine confilUd of a fpherical balloon 3^ feet in diameter, 
filled with inflammable air ; and under this balloon was fuf- 
peiided a fmall MontgolfKr, or firc-balloon, ten feet iu 
diamcLer, This Montgolfier was ddigned for rarefying the 
atmofphcric air, and thus diminifhing tin: fpeciiic grariiy of 
the \vliole apparatus. For the firll twenty minutes they 
feemed to purfue the proper coiirfe ; but the balloon feemed to 
he much inflated, and theacronziuts appeared anxious to de- 
feend. Soon however, wdien they were at the height of 
about three quarters of a mile, the whole ap^iaratus w’as in 
flames, and the unfortunate adventurers fell to tlic ground, 
and were killed on the fpot. 

On the 19th of July Mr. Crofbie afeended at Dublin, 
with a vitvv of cndling the Channel to England. To a 
wicker balket of a circular form, which he had fubflituted 
for tlie boat, he had affixed a number of bladders, for the 
purpofe of rendering his gallery buoyant, in cafe of a difaftcr 
at fea. The hciglit to which he afeended at one time was 
fuch, that by the intenfe cold his ink was fro/.en, and the 
mercury funk into the ball of the thorutometer. He hiin- 
fclf was fick, and he felt a ftrong impreflion on the tym- 
panum of his ears. At his utmofl f levation be thought 


himfclf ftationary ; but on difchatgmg feme gas, he dr. 
feended to a very rough current of air blowing to the north. 
He then entered a denfe cloud, and experienced ftron;j 
blafts of winds, with thunder and lightning, which broiighi 
him with rapidity towards the furface of the w^atcr. The 
water foon entered his car; the force of tlie wind plunged 
him into the ocean ; and it was with difficulty th^t he pul 
on his cork jacket. The bladders which he had prepared 
were now found of great ufe. The water, ‘added to hi/» 
own weight, ferved as ballaft ; and the balloon maintaining 
its poife, anfwcred the purpofe of a fail, by means of wliich, 
and a fnatch-block to his car, he moved before the w ind as 
regularly as a failing veffel. He was at length overtaken by 
fome vefTels that were crowding fail after him, and conveyed 
to Dunleaiys with the balloon towtd after them. On the 
2 ad of July, Major Money, wdio afeended at Norwich, was 
driven out to fea, and after having been blo>vn about for 
about two hours, he dropped into the water. After much 
exertion for preferring his life, and when he was almoft dt - 
fpairing of relief, he was taken up by a revenue cutter in 
a date of extreme weaknefs ; having been flruggling to 
keep himfelf above water for about feven hours. The 
longed voyage that had been hitherto made was performed 
by Mr. Blanchard towards the end of Augufl. He af- 
eended at Lifle, accompanied by the chevalier dc L’Epi- 
nard, and travelled a diflance of 300 miles before they de- 
feended. On this, as well as on other occafiont, Mr. Blan- 
chard made trial of a parachute, in the form of a large 
umbrella, w^hich he contrived for breaking the fall in cafe 
of any accident. With this machine he let down a dog, 
which came to the ground gently, and unhurt. 

On the 8th of September Mr. Baldwin afeended from 
the city of Chefter, and performed an aerial voyage of 25 
miles in two hours and a quarter. His greatefl elevation was 
about a mile and an half, and he fiippofes that tlie velocity 
of his motion was fometimes at the rate of 30 miles an 
hour. He has publiflied a circumflantial account of his 
voyage, deferibed the appearances of the clouds as he pafled 
through them, and annexed a variety of obfervations relat- 
ing to aeroflation, which render his treatife valuable and in- 
terefling to thofe wdio w'ifh to acquaint themfelves with this 
ful)jc6l. It w'ould be tedious to recount the aerial expedi- 
tions that w'cre performed in various parts of our own 
country, as well as on the continent, in the whole courfe 
of the year 1785; more efpccially as they have aflb/ded 
us no experiment or difcoveiy of any preuliar importance. 
The molt perfevering aerial navigator lias been Mr. Blan- 
chard. In Augull 17^8, he afeended at Brunfwick for the 
tbirty-fccond time. XVitliin two years from the firfl dif- 
covery of this art of navigating the atmofpherc, more than 
forty different perfons performed the experiment without 
any material iujuiy ; and it may be juflly queftioned, fays 
Mr. Cavallo, whether llie (nil forty perfons, who tnifled 
themfelves to the fea in boats, efcaped fo fafely. The ca- 
taflrophe that befel Roricr, and the uupleafant circum- 
(lances that have happened t«> fome of tlie utronauls in our 
own country, have been owing not fo much to the principle 
of the art, as to want of judgment, or imprudent manage* 
inent in the condne^ ot It. 

We flrall this abflracl of tlic hiflory of aeqoflatii^u 
with the oblcrvations of a very co.Upettnt Judge on tlie n - 
fpcitive ad\antages and difad vantages of balloons made witk 
inflammable air, and oi thole that are raifed by means of hot 
air, to the former of which he gives the preference. The 
priutipal comparative advantages of the larcficd atr-balloont 
arc, 'Uicir bi Ing (illed with little or no cxpence ; their not 
requiting to b*: made of fo expenfive matcri^s ; and the com- 
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buflibles ncce(rai7 to fill them being found almoft every 
where, fu that when the provifion of fuel is exhaullcd, the 
aeronaut may defeend and recruit his fuel, in order to pro- 
V r;td on his voyage. But they muft be larger than balloons 
of the other fort, in order to take up the lame weight ; and 
the prefcncc of lire is a continual trouble and a continual 
danger. Experience has, in many inftances, evinced the 
difaftrous coureqiicnces tliat have attended them. On the 
other hand, the inilammahic air balloon mult be made of a 
fubltance impermeable to the fubtilc gas ; the gas itCclf can- 
not be produced witliout a conliderable cxpencc ; and it is 
not cafy to find the materials and apparatus neceflary for 
the production of it in every place. Improvements, how- 
ever, daily occur in the preparation of the coverings o£ 
thefe balloons, fo as to render them nearly impermeable to 
the inHammable air : and it has been found that an in- 
flammable air-balloon, .50 feet in diameter, may be fo made 
as to fultain two perfons and a confiderable quantity of 
ballalt in the air tor more than 24 hours, when properly 
managed ; and one man might poflibly be fupported by the 
fame machine for three days. 

Aerostation, praQke of* The Ihape of the balloon is 
one of the firlt objects of conlideration in the conftruCtion 
of this machine* As a fphere admits the grcatell capacity 
under the lead furface, the fpherical figure, or that which 
approaches nearelt to it, has been generally preferred* 
However, fince bodies of this form oppofe a greater furface 
to the air, and confe^uently a greater obftruCtion to the 
action of the oar or wings than thofe of fome other form, 
and therefore cannot be fo well guided in a calm, or in 
a courfe different from the direction of the wind, it has been 
propofed to conltruCt balloons of a conical or oblong figure, 
and to make them proceed with their narrow end forward. 
Mr. Hoole, an ingenious writer, who is now publiiliing a 
tranflation of the works of Leeuwenhoek, in his Thoughts 
on the farther Improvement of Aeroftation, fuggefts the 
ihape of a fifh as the mod proper : the lharp head, under 
fuch a form, will ferve to divide the rcfiding fluid, 
and open a paflage, and the tail will ferve as a rud- 
der to deer its courfe. He alfo propofes to fix a feat 
ior the tfavcller in the lower part of the body of the 
flfh, or in the centre of gravity of the whole mafs, fu 
that the machine may be always horizontal, and that 
the impulfe of any force ufed there may aduatc the whole 
body. And he urthcr fuggeds, that the traveller Ihoiild 
be tumilhed with indruments of fuificient furface to take 
bold of the air, and of fuflicient drength to bear the whole 
exertion of his mufcular force, analogous in their form and 
fituation to the flns of filhes. But by adopting the oblong 
ihape, the furface, and confequcntly the weight of the 
cover, mud be augmented, in order to obtain the fame 
lifting power with that of a ^hcre, both becaufe its capa- 
city will be lefs under the fame furface, and becaufe its 
capacity mud be made greater in order to compenfate for 
the augmentation of weight. Befides, an oblong machine 
cannot eafily be kept with the fmalled part forward in the 
atmofphere : and if it ihould turn fide ways, as it probably 
>ntgb$, the propofed advantage would thereby be loll : not 
to add, that accidental circumdances might occur which 
would endanger its overturning. 

In order to expedite the calculations that relate to the 
condnifiion of a balloon of a fpherical form, it (hould 
be remembered, that the circumfereucts of fpheres arc 
as their diameters ; their furfaces as the fquares ; and their 
foUd contents as the cubes of the diamctvrs. The pro- 
portion of tbe diameter to the circumference of a cir* 
^ a, r* 7 to 221 or 1 to (hould be recollefied ; fo 
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that if the diameter of a balloon be 35 feet, its circumference 
will be no feet. If the diameter be multiplied by the cir- 
cumference, the produd will be the furface of the fphere ; 
j. e. 3 j X 1 10=23850 fquare feet. If this furface be divided 
by the breadth (in feet) of the duff of which the balloon 
is made, the quotient will be the number of feet in length 
neceflary for condrufting the balloon : thus if the duff be 

3 feet widc,'^^= *^83!. feet, or 428 yatds nearly, which 

is the quantity for a balloon of 35 feet in diameter* By 
knowing the weight of a given piece of the (luff, as of a 
fquare yard or fquare foot, it is eafy to find the weight of 
the whole bag, by multiplying the furface in fquare reet or 
yards by the weight of a Iquare foot or yard ; e. g* if each 
fquare yard weigh 16 ounces, or one pound, the whole 
bag will weigh 428 pounds. Again, the capacity, or folid 
content of the fphere, may be found by multiplying of the 
furface by the diameter, or by taking 44 of the cube of 
tbe diameter ; thus, in the prefent indance, we ihall have 
22458 cubic feet for the capacity of the balloon, or the 
number of cubic feet of air which it will difplace. From 
the content and furface pf the balloon, we may deduce its 
power of afcenfion or levity in the following manner: — a 
cubic foot of air weighs, at an average, about ly ounce, 
and adding to the number 22458, its fifth part, we (hall 
have 26950 ounces, or 1684 pounds, for the weight of the 
common air difplaced by the balloon. From this weight, 
dedu£ling the weight of the bag, or 428 pounds, there 
will remain 1256 pounds cxprcfling the levity of the bal- 
loon, independently of the contained air. If this be inflam- 
mable air, its weight varies from i to the weight of 
common air ; if it be taken at of the weight of common 

air, then 280 pounds will denote the weight of the 

air filling the balloon; and taking this from 1256, i. e. 
1256—280, will leave 976 pounds, the power of afcenfion 
of the balloon, or tbe weight which it will carry up, con- 
fiding of the car, ropes, paffengers, ballad, and other 
neeeflaries. If heatrd air be ufid, the denfity of this is 
diminifhed about one-third ; and therefore, taking from 
1684 one-third of itfelf, there will remain 1123 for the 
weight of the contained warm air, and this fubtra 61 cd from 
1256, leaves 13^ pounds for the levity of the balloon ; but 
as this is not fuflicient for carrying up the car, paffengers, 
&c. it is evident that a larger balloon, on Montgolfier’s 
principle, is neceflary for the fame purpofc that may be 
effeded by a fmaller one of inflammable air. To edimate 
the power of afcenfion correfponding to any given weight, 
e. g* 1000 pounds; fince the levities are nearly as the cubes 
of the diameters, and confequcntly the diameters as the 
cube roots of the levities ; and the levities being as 133 to 
looo, f. e. nearly as i to 8, the cube-roots are as i to 2 ; 
confequcntly 1:2 • : 35 : /O feet, the diameter of a 
Montgolfier, made of the fame thicknefs of duff as the 
former, and capable of lifting 1000 popnds. Purfuing the 
fame kind of calculation, it is eafy to edimate the fizc of a 
balloon, made of duff of a given thicknefs, and filled with 
air of a given denfity, that will jud float in air. From the 
weight of a cubic foot of common air, fubtra& that of a 
cubic foot of the lighter or contained air; then divide 
6 times the weight of a fquare foot of the duff by the 
remainder, and the quotient will be the diameter, in feet, of 
the balloon that will jud float at the furface of the earth. 
Suppofe the duff to be 1 pound to the fouare yard, or 
ounces to the fquare foot, and this multiplied by 6 gives 
Y; then the cubic foot of common air weighing U oanc% 
and of heated air | of the fame, the diflerence being 
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cdnfcquently— divided by gives 26} feel, wblcb is tbe 

diameter of a Montgolfier that will juft float : but if inflam- 
mable air, ^ the weight of common air, be ufed, the diffe- 
rence between ij- and ^ of it is one ; by v.hich dwiding 

^ or 10 j f the quotient loj- feet will be the diameter of an 

inflammable air-bp^oon that will juft float. If the diameter, 
in either of thefe cafes be incrcafed, the refpedtive balloons 
will afeend in the atmofphere. 

In order to determine the height to wliich :i given bal- 
loon will rife, when the diameter of the balloon, and the 
weight that cxadly balanc-^s it are given, proceed in the 
following manner compute the contents of the globe in 
cubic feet, and divide its reftiaining weight in ounces by 
this content, and the quotient will he the difference in dcnfity 
or fpccific gravity of the atmofphere at the furfacc of the 
earth, and that at the height to which the balloon will rif*' ; 
fubtraft this difference or quotient from if- or x, 2, the 
deniity at the earth, and the remainder will be the denfity 
at that height ; then the height coi refponding to that den- 
iity will be found with fuificient exa^nefs in the annexed 
Table. 

e. Let the diameter of the bal- 
loon be 35 feet, its capacity 22458, 
and the levity of the firft 976 pounds, 
or 15616 ounces; the quotient of 
the latter number divided by the for- 
mer, 1. e. " ■■■ is .605, which is the 

denfity at the utmoft height, and 
to which in the Table correfponds 
fomewhat lefs than 2 ( miles, and 
this is the height to which the 
balloon will alcend. When the 
fame balloon was filled with heated 
air, its levity was equal to 133 
pounds, or 2128 ounces, which di- 
vided by 22458, the capacity, gives 
the quotient, .095 ; and thij lub- 
traAed from 1.200, leaves 1. 105 for the denfity; to which, 
in the Table correfponds half a mile, or more nearly -J- of 
a mile. Such arc the heights to which thefe balloons 
would nearly afeend, if they retained their figure^ and loft 
none bf the contained air ; or, more prccifcly, thefe arc 
the heights at which th.y \vould fettle; for tbeir acquired 
velocity would at nrft carry thtni above thefe heights, till 
their motion would be dc'bcyed; and then they would 
defeend below thefe heights, though not fo much as they 
had gone above them : after which they woidd rcafcend» 
and pafs thefe heights again, but not fo far as they had 
one below them ; thus vibrating alternately above and 
elow thefe heights, but every time lefs and lefs. Thefe 
calculations for finding tin: htr’.ght to which the balloon will 
afeend, are formed independently of the different ftates of 
the thermometer at the higheft point and at the furface of 
the earth ; but the allowances to be made on this account 
will appear from what is delivered under the article At- 
mos r here. 

Next to the fhape, it is neceffaiy to confider the ftuff that 
is moft proper for forming the envelope of the inflammable 
or rarefied air. Silk ituBF, efpcciaUy that which is called 
luteftring, properly vamiflied, has been moft commonly 
ufed for inflammable air-balloons : and common linen, lined 
within and without with paper, varnifhed, for thofe of 
rarefied air. Vamiflicd paper, or gold beatcr^s fldiH will 
anfwer the purpofe for making fmall inflammable air*bal* 


loons ; and the fmall rarefied air-balloons may be made of 
paper without any varnifli or other preparation. 

The ftuff for large balloons of both kinds require feme 
previoMrt preparation. The beft mode of preparijw the 
cloth for a machine upon Montgolfier's principle, is &ft to 
fonk it in a folution of fal ammoniac and fiae, ufing one 
pound of each to every gallon of water; and when the 
cloth is quite diy, to paint it over ivith feme earthy colour, 
and ftrong fize or glue. It may be alfo varnifhed over, 
when perfectly dry, with fomc ftifr oily vamifli or fimple 
drying linfcecl oil ; which would dry before it penetrates 
quite through the cloth. 

The vainifh for the filk or linen of the inflammable air- 
balloons fliould be impeimcable to the inflammable gas, 
pliable, and fufRciently dry to adhere firmly to the fluffs 
In France much has been laid of the elaftic gum varaifli ; 
but the compofition of it is kept a fecrct. This gum is 
known to be foluble in divera effential oils, and alfo by 
vitriolic ether. I'hc former folution forms a varnifh which 
never perfectly dries : the latter dries readily, but the folu- 
tion is too dear for common ufc. The following varnifh 
has been recommended* To one pint of linfeed oil, add 
t%vo ounces of litharge, two ounces of white vitriol, and 
two ounces of gum fandarach ; boil the whole for about an 
hour over a flow fire ; then let it cool : feparate it from the 
fediment, or ftrain it through a fieve, and dilute it with a 
fufficient quantity of Ipirits of turpentine. But the bell 
varuifh for an inflammable air-balloon is made with bird-lime, 
Mr. Cavallo dire&s to prepare it in the following manner, 
which, in his opinion, is preferable to that of M. Faujas de 
Saint Fond. In order to render linfeed oil drying, boil 
it with two ounces of faccharum fatumi and three ounces of 
litharge, for every pint of oil, till the oil hath diffolved them; 
then put a pound of bird-lime and half a pint of the drying 
oil into a pot of iron or copper, holding about a gallon ; and 
let it boil gently over a flow charco^ fire till the bird-lime 
ceafes to crackle ; then pour upon it two pints and a half of 
drying oil, and boil it for about an hour longer, ftirring it 
often with an iron or wooden foatula. As the varnifh in 
boiling fwells much, the pot mould be removed from the 
fire and replaced when the varnifh fubfides. Whilft it it 
boiling, it fhould be occafionally examined, in order to de- 
termine whether it has boiled enough. For this purpofe, 
take fome of it upon the blade of a large knife, and after 
rubbing the blade of another knife upon it, feparate the 
knives, and when on their feparation the varnifh begins to 
form threads between the two knives, it has boiled enough, 
and fhould be removed from the fire. When it is almoft 
cold, add about an equal quantity of fpirits of turpentine, 
mix both well together, and let the mafs reft till the next 
day ; then having warmed it a little, ftrain and bottle it. 
If it is too thick, add more fpirits of turpentine. This 
varnifh fhould be laid upon the ftuff, when perfectly dry, 
in a liike-waiTn ftatc ; a thin coat of it upon one fide, and 
about twelve hours ofFter two other coats mould be laid on, 
one on each fide, and in twenty-four hours the filk may be 
ufed. 

Mr> Blanchard's method of makit^ elaftic varnifh for 
the filk of a balloon it as follows. Diffolve daftic gum, cut 
fmall, in five times its weight of fpirits of turpentine, by 
keeping them Come days together ; then boil one ounce of 
this folution in eight ounces of drying linfeed oil for a few 
minutes, and ftrain it, Ufa it warm. 

The pieces of which an inflammable air-balloon is to be 
formed, muft be cut of a proper fize, according to the pro- 
pofeo ^'menfions of it, when the varnifh is fumciently dry. 
The pieces that compofe the furface of the balloon are like 
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tKofc gores that form the fuperficies of a globe ; and the 
bed method of cutting them is to ’dcfcrihe a pattern of 
%vood or itiff card-paper^ and to cut the iilk or ftuif upon it. 
One of thefe pieces, that may ferve as a pattern for others, 
reprefented in Plate I. Ptieumaiics^ fig. 2, In this figure, 
fuppofe A E and B C to be two right lines perpendicular to 
each other. Then find the circumference anfwering to the 
given diameter of the balloon in feet and decimals ofa foot ; 
and make A D and D E each equal to a quarter of the cir- 
cumference, fo that A E may be equal to half the circum- 
forcuce. Divide AD into iS equal parts, and to the points 
of divifiun apply the lines fgf hi^ //, &c. parallel to each 
other, and perpendicular to AD# Divide the whole cir- 
cumference into twice the given number of pieces, and make 
DC and DB each equal to the quotient of this divifion ; fo 
that DC will be equal to the greateft breadth of one of thofe 
pieces. Multiply this quotient or DC by the decimals 
annexed to fg^ viz. o.(;g6i9, and the product expreffes the 
length of fg\ and nuUiply DC by the dccimaln annexed 
to hit and the proJiidt exprefles the length of hU 
Having thus found the lengths of all thefc lines, draw by 
hand a curve line, pafilng through their extremities, and 
this will be the edge of one c^uarter of the pattern. The 
other quarters A BD, EBD, LDC, may be cafily deferibed 
by applying to each of them a piece of paper equal to A 
DC, Duppofe the diameter of the balloon Uj be 20 feet, 
and that it is to be made of 1 2 pieces. In order to draw 
the pattern, find the circumference of the balloon, which is 
62.83 feet, and dividing it by 4, the quotient is 15.7 feet: 
confcquently AD and DE will be each equal to 15.7 feet. 
Divide the circumference 62.83 by 24, or double the num- 
ber of pieces that are to form the balloon ; aud the quotient 
a.6i8 feet will be the length of DC or BD; therefore BC 
is equal to 5*2^6 feet. Then dividing AD into 18 equal 
parts, and drawing the pai-allel lines from the points of di- 
vifion, find the length of thefe lines by multiplying 2,618 
by the decimals annexed to that line: thus, 2.618 multi- 
plied by 0.99619 gives 2. 60S feet for the length of fg ; 
and multiplying 2.618 by 0.98481, we lhall have 2,578 feet 
for the length of i&i, Slc. The pieces cut after fuch a pat- 
tern (hould be left about one half or three quarters of an 
inch all round larger than the pittern, in order to allow for 
the feams. They may be joined by laying about half an 
inch of the edge of one piece over the edge of the other, 
and fewing them with a double ditching. Mr. Blanchard 
joins them very expeditioufly in the following manner. He 
lays about half an incli of the edge of one piece fiat over the 
cd^c of the other, and paffesa hot iron over it; in doing which, 
^icceof paper ought to be laid both under and over the filk. 
The joining may be rendered more fccurc, by running it 
with a filk thread, and dicking a ribband over it. The 
ribbands laid over feams may be duck with common glue, 
provided the varnifii of the filk is properly dried. When the 
glue is quite dry, the ribbands (hould be varnifhed over, to 
prevent their being unglued by the rain# 

To the upper part of the balloon there mud be adapted 
a valve, opening inward, to which is annexed a dring palling 
through a hole made in a fmall round piece of wood which 
is faftened to the lowed part of the balloon oppofite to the 
valve, to the boat below it ; fo that the aeronaut may open 
it as occafion requires, and let the inflammable air out of 
the balloon# To the lower part of the balloon are fixed 
two pipes of the fame fluff with the covering, fix inches in 
diameter for a balloon of thirty feet, and much larger for 
balloons of greater fizc, and long enough to reach the boat# 
Thefe pipes are the apertures through which the inflam- 
mable m is introduced mto the balloon. 


The boat may be made of wicker-work, and covered with 
leather, well painted or varnifhed over. The beft me- 
thod of fufpending it is by means of ropes, proceeding from 
the net which goes over the balloon# This net (hould be 
formed to the (hape of the balloon, and fall down to the 
middle of it, and have various cords proceeding from it to 
the circumference of a circle, about two feet below the 
balloon ; and from that circle other ropes (hould go to the 
edge of the boat. This circle may be made of wood, or of 
fevcral pieces of (lender cane bound together. The medics 
of the net may be fmall at top, avraiuS which part of the 
balloon the infiammablc air exerts the greatefl force, and in- 
creafe in lizc as they recede from the top. A hoop has been 
fometimes put round the middle of the balloon for faftening 
the net. This is not abfolnttly neceffary ; but when ufed, 
it is bed made of pieces of canc bound together, and covered 
with leather# When the balloon and its appendages are 
conllruftcd, the next objedt of importance :a to procure 
proper materials for filling it# With rtfpeft to thofe in- 
flated by heated air, nothing need be faid till the method of 
filling them is deferibed. 

Inflammable air for balloons of the other kind may be ob- 
tained in fevcral ways ; but the befl methodi are by applying 
acids to ceitain metals; by expofing animal, vegetable, 
and fomc mineral fublUnces, in a clofe veil' i. to a flrong 
fire ; or by tranfmitting the vapour of cerU n fluids through 
red-hot tubes. 

In the firfl of thefe methods, iron, zinc, and viuiolic acid, 
are the materials moll commonly ufed. The vitriolic acid 
muft be diluted with five or fix pans of water. Iron may 
be expelled to yield in the common way about 1700 times 
Its own bulk of gas ; or 4^ ounces of i:on, the like weight 
of oil of vitriol, and 2 si ounces of water will produce one 
cubic foot of inflammable air; fix ounces of zinc, an equal 
weight of oil of vitriol, and 30 ounces of water, are neceflary 
for producing the fame quantity. It is more proper to u(c 
the turnings or chippings of gicat pieces of iron, as of can- 
non, See. than the lilings of that metal ; becaufc the heat 
attending the cfTer/efccncc will be diminifhed, and tlic di- 
luted acid will pafs ntnc readily through the intcrfticcs of 
the turnings, when tlivy arc heaped together, lhan through 
the filings which flick cloltr to one another. The wciglit 
of the inflammable air, thus obtaiiud by means of acid of 
vitriol, is, in the common way of procuring it, generally 
one-feventh part of the wtiglit of common air ; and with the 
neceffary precauiions for philofophical experiments, lefs than 
one-teiuh of the weight of common air. The other elaflic 
fluids, which are generated with the inflammable air, may 
be feparated from it by paffnig the inflammable air through 
water, in which quick-lime has been diffolved ; the water 
will abforb thefe fluids, cool the inflammable air, and pre- 
vent its overheating the balloon, when it is introduced into 
it. As white vitriol is fold much dearer than the vitriol of 
iron, it will be a faving to make the inflammable air by 
means of zinc and vitriuhe acid, rather than of this acid and 
iron : becatife the fate of the white vitnol arifing from the 
former will, in a degree, be a compenfation for the expence 
of the materials. 

Inflammable air may alfo be obtained at a much cheaper 
rate by the adion of fire on various fubftances ; but the ^aa 
thus obtained is not fo light as that produced by the efier- 
vefcence of acids and metals# The lubftances proper to be 
ufed for this purpofe are pit-coal, aipbaltum, amber, rock 
oil, and other minerals ; w'ood, and especially oak, camphor 
oil, fpirits of wine, letber, and animal lubftances, which yield 
air ot different degrees and of various fpecific gravity# But 
pit-coal is the fubaance mod proper tp be ufed# A pound 
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of pit-coa1» expofcd to a red heat, yields about three cubic 
feet of inflammable air, which, whetlicr it be pafled through 
u’ater or not, migha about one-fourth of the weight of an 
equal bulk of common air. 

Dr. PrielUey obferves, that animal or vegetable fubilanccs 
will yield fix. and even ten times more inflammable air, when 
the hre is fuddenly increafed than when it is gently raifed, 
though h be aftei wards made very ftrong. And Mr. Ca- 
vallo informs us, that the various fubflances above enume- 
rated generally yield all their inflammable air in about an 
hour’s time. The ufual method is to inclofc the fubflances 
in earthen or iron veflels, and thus to expofe them to a 
ftrong fire fufficient to make the vcffels red-hot ; the inflam- 
mable air proceeding from the aperture of the veflel, is re- 
ceived into a tube or rcfrigeratoiy, and pafling through the 
tube or worm, is at laft colledled in a balloon or other vef- 
fcl. A gun-barrcl has been often ufed for eflays of this 
kind. The manner of condufting this procefs is particu- 
larly deferibed by Mr. Cavallo, ubi infra. 

The laft method of obtaining inflammable air was lately 
difeovered by Mr. Lavoificr, and alio by Dr. Prieftley. 
Mr. Lavoifier made the fleam of boiling water pafs through 
the barrel of a gun, kept red-hot by burning coals. Dr. 
Prieftley ufes, inftead of the gun-barrel, a tube of red-hot 
brafsj upon \\hich the fleam of water has no effect, and 
which he fills with the pieces of iron which arc feparated in 
the boring of cannon. By this method he obtains an in- 
flammable air, the specific gravity of which is to that of 
common air as l to 13. In this method, a tube about three 
quarters of an inch in diameter, and about three feet long, is 
filled with iron turnings ; then the neck of a retort or dofc 
boiler is luted to one of its ends, and the worm of a refrige- 
ratoi7 is adapted to its other extremity. The middle part 
of the tube is then funx>unded with burning coals, fo as to 
keep about one foot in length of it red-hot, and a fire is 
always made under the retort or boiler fiilficieut to make the 
water boil with vehemence. In this procefs « conlidcrable 
quantity of inflammable dir comes out of the worm of 
the refrigeratory. It is faid that iron yields one half 
more air by this means, than by the adlion of vitriolic acid. 
See Hydrogen. 

Balloons of the fmaller fixe, fuch as thofe of two or three 
feet in diameter, and alfo bladders, may be filled with in- 
flammable air, after pafling it through water, ky means of 
the follou ing fimple apparatus. See Plate I. Pncamafhs^ 
fg. 3. A is the bottle that contains the ingrcdteiits which 
produce the gas; BCD is a tube in fonn of a fyphon, 
t^ailcned by one extremity into the neck of this bottle, and 
pafling through a hole of the ftopper of another bottle E, 
It extends fo far as almoft to touch the bottom of this bQttle, 
vrhiefris nearly full of water. To another hole made in the 
cork of the bottle £ is adapted another tube, to the out- 
ward extremity of which a bladder, or the aperture of the 
balloon is tied. The inflammable air, coming out of the aper- 
ture D of the tube, pafl'ts through the water of the bottle £, 
and then enters into the bladder or balloon. Two fmall 
cafks might be ufed inftead of the bottles A and £. 

Another apparatus for producing hydrogen and conveying 
it into a balloon is exhibited in 4. ABC is a vefTcl 
made of clav, or of iron, in the form of a Florence flafle ; 
and the fubitance yielding gas is introduced into it fo as to 
occupy about ^ths, or lefs, of its cavity. If tlie fubftance 
fwell much by the a^iipn of the fire applied to it, a tube of 
brafs, or firft a brafs and then a leaden tube mufl be luted to 
the neck Cof the veflel, and the extremity D of the tube is 
made to pafs through the water of a tub H I, and to ter- 
minate under an inverted veflkl £ Fi to the upper aperture 
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of which the balloon, or a tube going to the balloon is 
adapted. When the part, A B, of the veflel is put into 
the fire, and made red-hot, the inflammable air that is gene- 
rated will come out of the tube C D, and pafling through 
the water of the tub, it will at laft enter into the balloon G. 
As a confiderable quantity of common air remains in the 
inverted veflel E F, before the operation is begun, it (hould 
have a flop-cock, K, through which it maybe drawn out 
by fu^fion, and then the water will afeend as high as the 
flop-cock. The aperture of the vefTd, £ F, Ihomd l)c at 
Icafl one foot below the furfacc of the water in HI; and 
the fire fliould be at a fufficient diilance from the tub H I, 
that the inflammable air, if any of it fliould cfcape, may 
not take fire and do injury. 

The method of tilling huge aeroftatic mathincs w ith rare- 
fied air is as follows. A fcatlold A B C D ( Plate Ihfg* 5 * ). 
the breadth of which is at leall two-thirds of the diameter of 
the machine, is elevated about fix or eight feet above the 
ground. From the middle of it defeends a well E I', 
rifing about two or three feel abo\e it, and reaching to the 

f round, furnilhed with a door or two, through which tli^ 
re in the well is fupplied with fuel. I'hc w'cll fliould be 
conftructed of brick or of plailercd wood ; and its diame- 
ter fltould be fomew'hat lefs than that of the machine. On 
each fide of the fcaflbld are creeled two malls H I, K £» 
each of w^hich has a pulley at llie top, and rendered linn 
by means of ropes K G, K P, H P, H G. The mat hine 
to be filled is placed on the fcaffold, with its nock round the 
aperture of the W'cU. U"hc rope paffing over the pullies of 
tne tw'o maftr, ferves, by pulling its two ends, to lift r’.e 
balloon about fifteen feet or more above the fcafTold ; ai d 
the rell of the machine is reprefented by the dotted lints iii 
the figure M N O. The maebrne is Kept Heady and held 
down, whilft filling, by ropes paffing tli rough loops or holeA 
about its equator; and thefe ropes maybe eafily difenrag'd 
from the machine, by flipping them througli the looj^ , 
when it is able to fullain illelf. The proper combuflibles 
to be lighted in the well are thofe whicli bum quick um* 
clear, rather than Inch as produce much Imoke ; becault it 
iii hot air, and not finoke, that is required to be inti*oduceo 
into the maclune. Small wood and llraw' have been foiu.d 
to be veiy fit for this purpofe. Mr, Cavallo obferves, us 
the rcfult of many experiments with fmall machines, that 
fpirits of wdne are upon the whole the heft combuftible ; 
but its price may prevent its being ufed for large ma- 
chines. As the current of hot air afeends, the machine 
will foon dilate, and lift itfclf above the fcaffold and gal- 
lery, wdiidi was covered by it. Tlic paffengers, fuel, in- 
llruments, &c. are then placed in the gallery. When the 
machine makes efforts to afceikl, its aperture niuft be 
brought, by means of the ropes annexed to it, towards the 
fide of the well, a little above the fcaffold. Tlic fire-place 
is then fufpended in it ; the firo lighted in the grate ; and 
the lateral ropes being flipped off, the machine is abandoned 
to the air. It will appear in the atmofphere as it is repre- 
fented in Jig. 6 . It has been determined \iy accurate expe* 
riments, tltat only one-tliird of the common air can be 
expelled from thefe large machines; and thereforo, the 
afeending power of the rarefied air in them can be cflimatcdf 
as only equal to half an ounce avoirdupois for every cubic 
foot. The apparatus for filling an inflammable air balloon 
is reprefented in 7. A, A are two tubs, about thV^ 
feet in diameter, and nearly tw^o feet deepv inverted in 
larger tubs, B, B, full of water. At the bottom of each 
of this inverted tubs there is a bole, to wdiich is adapted a 
tin tube £, about feven inches in diameter, and feven or 
eight inches long* To ihcfe tubes the filken tubes of the 



18 


AEROSTATION 


balloon rrc ticJ. Each of the ttibsi B, is furroundcd by 
t’cveral llrong caflts, fo regulated in number and capacitVt 
as to b^ Ufs than half full, when the materials arc equally 
diftributed. In the top of each of thtfc caflts arc two 
holes ; and to one of the holes is adapted a tin tube, formed 
fo as to pafs over the edge of the tub B, and through the 
water, and to terminate with its aperture under the inverted 
tub A. 'riie other hole, which ferves for fupplying the 
cade with materials, is flopped with a wooden plug. Thcfc 
tin tubes may be about three inches and a half in diameter, 
and the other holes may be fmallcr. Two mafia, with a 
rope, &c. are nfed for this machine, as well as for the for- 
mer, although they are not abfolutely neceflary ; bccaufc 
the balloon, by means of a narn>w fcaflbld, or other con- 
trivance, may be elevated live or fix feet above the level of 
the tubs A A. When the balloon is to be filled, the net 
is put (wer it and fufpetidcd, as exhibited in CDF : and 
having exptlhd all the common air from it, its filk tubes 
are falhnial round the tin tubes EE, and the materials in 
the calks are propc*rly proportioned ; the iron being firfl put 
in, then the water, and lafUy the vitriolic acid. The bal- 
loon will foon be inflated by this inflammable air, and fiip- 
port itfclf without the aid of the rope OH. As the filling 
advances, the net is adjufled round it, the cords, proceed- 
ing from the net, are fallened to the hoop MN ; the boat 
IK is fnfpendcd fiom the hoop MN, and every thing nc- 
cefTary for the voyage is depoiited in the boat. When the 
balloon is a little more than three quarters full, the filken 
tubes arc feparated from the tin tubes, and their extremities 
being tied, they are placed in the boat. Finally, when the 
aeronauts are feated in the boat, the lateral ropes are flipped 
off, and the machine afeends in the air, appearing as in Jg. 8. 
In order to produce fuch a bulk of innammable air as is 
neceflary for a balloon of 30 feet in diameter, whofc 
capacity is 14 13 7 cubic feet, there will be required about 
3900 pounds of iron turnings, 3900 pounds of vitriolic acid, 
and 19500 pounds of water. The balloon will not be 
above three quarters full.' 

Thcfc proportions, flated by Mr. Cavallo, arc too great 
with rcfpe£l to the metal and acid, and too fmall with re- 
gard to the water. Mr. Eunardi, who had confidcrablc 
experience in the pra^ice of aeroltation, filled his balloons 
at Edinburgh and Glafgow, with about 2000 pounds of the 
chippings of cannon procured from Carron, the fame quan- 
tity of vitriolic acid, and 1 2,000 pounds of water. The iron 
was placed in layers in his veiTels, with flraw between them, 
in order to enlarge the furfacc expofed to the adlion of the 
acid. He ufed only two large cafks, which were funk in 
the ground, and conveyed the gas into the balloon without 
paffing through water ; and he contrived to fill his balloon 
in kfs than half an hour, which operation had on former 
occafions required at Icall two hours. 

The inflammable air with which they fill their balloons 
M the Acioilatic Inflitute, not long fince eflablifncd in 
TVance, is obtained by the following method, which is 
ij tuple and not very cxpcnfiTC. Six cylinders, or tubes of 
non, arc fixed by mafonry in a furnace of eafy and expe- 
ditions conllru&ion, in fuch a manner that the two ends of 
each cylinder project out of the furnace ; and thefe are 
fumiftied with ftrong covers or lids of iron. Into thcfc 
cylinders are introduced tubes of metal, one of which ferves 
to convey warm water into the red-hot cylinder, and the 
other to convey the air which is produced through a refer- 
voir filled with caullic Icy, into the balloon. The cylinders 
are partly filled with the chippings or turnings of iron that 
are procured from the boring of cannon. The exceflive heat 
of the furnace, which is maintained by a fupply of char- 


coal during the operation, is communicated to the cylinders 
and their contents. In this date, boiling water is conveyed 
by one of the tubes to each cylinder ; and as foon as it 
communicates with the inflamsd iron, the water is decom- 
pofed : the one part, called the oxygen, attaches itfelf to 
the iron and calcines it ; but the other part, or the hydro- 
gen, is combined with a quantity of the igneous fubflance, 
called caloric, and becomes hydrogenous gas, or inflamma- 
ble air, which remains in a permanent ftate of elaftic 
fluidity, and weighs feven or eight times Icfs than the 
atmofphcric air. As the water contains a fmall quantity of 
carbon or fixed air, which would add weight to the air of 
the balloon, it is made to pafs through water in which 
caullic alkali has been diflblved. This fluid attaches the 
carbon to itfelf, and thus the pure inflammable air is con- 
veyed into the balloon. The cylinders in this operation, 
are fometimes fnfed : for preventing which accident, a 
pyrometer is annexed to the extremity of the cylinder which 
prmedls from the furnace ; and the fire is regulated by a 
icafc conneflccl with the pyrometer. The operation of 
filling a balloon, 30 feet diameter, in this way will occupy 
about four hours. 

In eflimating the afeending power of thefe machines, 
that of the inflammable air fhould be confidered as equal to 
one ounce avoirdupois for every cubic foot, which is one 
fixth of the weight of common air; and therefore, if the 
capacity of a balloon is 12000 cubic feet, and three-fourths 
of it are filled with inflammable air, obtained from iron and 
diluted vitriolic acid, the afeending power of that gas 
may be ellimated at 9000 ounces, or 362^ pounds ; from 
which the weight of the covering, boat, and other appen- 
dages, mull be fubtraded. 

The condud of balloons, when conliruded, filled, and 
aAually afeending in the atmolphcrc, is an objeA of great 
importance in the jpradice of aeroilation. The method 
generally ufed for elevating or lowering the balloons with 
rarefied air, has been the increafe or diminution of the fire ; 
and this is entirely at the command of the aeronaut, as long 
as he has any fuel in the gallery. The inflammable air- 
balloons have been generally raifed or lowered by diminifhing 
the weight in the boat, or by letting out Ibmc of the gas 
through the valve. But the alternate efcape of the air in 
defeending, and difeharge of the ballaft for afeending, will 
by degrees render the machine incapable of floating ; for in 
the air it is impoflible to fupply the lofs of ballafl, and very 
difficult to fupply that of inflammable air. Thefe balloons 
will alfo rife or fall by means of the rarefadlion or condenfa- 
tion of the inclofed air, occafioned by heat and cold. It 
has been propofed to aid a balloon in its alternate motion of 
afeent and defeent, by annexing to it a veflel of common 
air, which might be condenfed by lowering the machine, 
and rarefied again, by expelling part of it, for railing the 
machine. But a vefTcl adapted to this ptirpofe mull be very 
flrong, and, after all, the affiflance atForded by it would 
not be very confiderable* M. Meunier, in order to attain 
this end, propofes to inclofe one balloon filled with common 
air, in another filled with inflammable air : as the balloon 
afeends, the inflammable air is dilated, and of courfe com- 
preffes the internal balloon containing common air ; and by 
diminifhing its quantity, lefTens its weight. If it fhould be 
neceflary to fupply this lofs, he fays it may be eafily done 
by a pair of bellows fixed in the gallery. Others have pru- 
pofed to annex a fmall machine with rarefied air to an in- 
flammable air-balloon by ropes, at fuch a dillance that the 
fire of the former might not affcA the inflammable air of 
the latter : the whole apparatuSf thus combined, of balloons 
formed on the two principles of heated and inflammable air. 
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mghi fce nufcd or lowered by merely increafing or disnini(h- 
ing the fire in the lower balloon. Wingg or oars feem to 
have conU'ibuted little to the effedt of e ther raiiing or low- 
ering balloons. 

Many fehemes have been propofed for dirc^ling the ho- 
rizontal motion of balloons. Some have thought of an- 
nexing fails to a balloon, in order to give it the advantage of 
the wind ; but to this propofal it has been objeAed, that 
as the aeroilatic machines are at reft with refpe^ to the air 
that furroimds thcniy they feel no wind, and confequcntly 
can derive no benefit from the fails. An ingenious writer 
obfervet, that the cafe of vcfTcls at fea is quite difierent 
from that of balloons ; becaufe the former move with a 
velocity incomparably lefs than that of the vsnind impelling 
them, on account of the r fiance of the water ; and 
therefore, the difference between the velocity of the wind, 
and that of fiiips, occafions that fiream of air which a6fs 
upon the fails. But a balloon, finding no refifiance, nc- 
qiiires the fame velocity v/ith tlie furroundiiig air, and 
therefore can feel no w'iiid. The fame author adds, that 
the moll mtional proje^ls for dirciSting an acrollatic machine 
are thofe which "propofe to exert a force again 11 the ambient 
air on one fide or the machine, fo as to move it in the oppofite 
diredion. Oars and wings are the only inftruments that 
have been ufed for this purpofe with any meafure of fuc- 
cefs ; but farther experiments arc necelTary to afeertain 
their effeft. If wings or oars be ufed, the bell method of mov- 
ing them is by the immediate application of human power, as 
in the cafe of the oars of boats on the water. However they 
fliould be as large and light as pclTible ; and they may be 
made of filk llrttched between wires, tubes, or fiicks. If 
they are flat they be turned edgeways when they 
arc moved in the d ; ' C; ‘cr; uf the balloon’s courfe, and flat in 
the oppofite dii /dlit'r. One of the wings, ufed by Mr. 
Blanch rcl, rep. dented In^^. 9, That ufed by M»'. Tm- 
nartli conjf'nl tf ma .y filk Ihuttcrs or valves ABC D, 1)E 
C £*, 5 xC. f 10.) each of which opens only on one fide, 
viz. A 1 ) li C upon tl)e line A B, D K C F upon the 
line D C, See ; and by this conflnnflion, it becomes uiine- 
ccFnry to turn thefe oars edgewpys. One of the wings, 
confinnSlcd by Zambeccari is exhibited in fy, 1 j, nnd is no- 
thing more tlian a j^iecc of ijik firctchcd between two tin 
lubes fet at an angle ; and fo contrived as to turn edge%Yay8 
of thcmfdvcs, when tlicy go in one direfUoa* /V?". i2, 
reprefeiits one of the wings ufed by MdTrs. Roberts, in 
the voyage of September 19th, 17^^-!. The ^reatdl effedl 
jm^duced by tlic wings of an acroilntic machine was that 
vdiicli occurred in tins voyage. It is not difficult to deter- 
Tuinc what force is needfary to move a given machine in the 
air with any propofed vdcjcity. Dr. Hutton found, from 
accurate experiments, that a globe of inches in diame- 
ter, and moving with a vdocity of 20 feet in a fecond, fuf- 
lains a refifiance from the air, which is equal to the weight 
or preflurc of one ounce avoirdupois ; and that with difre- 
rent furfaces and the fame velocity, the rcfiftances are di- 
redlly proportional to the furfaces nearly ; and alfo tliat, 
with different velocities, the refinances are proportional to 
the fquares of the velocities nearly. By thefe aata the re- 
iiilance to move a given balloon with any velocity may be 
afligned. Let the balloon be JJ feet in iiameter ; then if 
it moved with the velocity of 20 feet per fccond, or almofi 
14 miles per hour, it would counteradl a refifiance equal to 
Z71 pounds ; with a motion of feven miles an hour, the re- 
fifiance would be 6fl oounds ; and at three miles and an half 
in an hour, the refifiance would be 17 pounds ; and fuch is 
the force with which the aeronauts mull aA on the air in a 
contrary diredUon, in order to communicate fuch a degree 
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of motion to the machine. If the balloon move through a 
rarer part of the atmofphcrc than that at the furfacc oi the 
earth, as Id or {th, dec. rarer, the irfiftancc will be lefi^ in 
the fame proportion ; yet the force of the oai's will be di- 
minilhed as much ; and tliereforc the fi^me difficulty re- 
mains. It may be o!)fcrvcd in geneml, that the aevonnut 
mtifl firike the air, by means 01 his oars, r ith a force jufi 
equal to the refifiance of the air or the balloon, and there- 
fore he mutt firike that air with a velocity wliich nn.dt he 
•eater as the furfacc of the oar is lefs than the refitted for- 
ce of the globe, but not in the fame proportion, hecaufe 
the force is as the fquare of the velocity, Suppofe that the 
aeronaut adls with an oar equal to 100 fquare feet of fur- 
facc to move the balloon above-mentioned at the rate of 
20 feet per fecond, or 14 miles an hour, then he mull 
move this oar with the great vdocity of 62 feet per fecond, 
or nearly 41 miles an heur : and fo in proportion for other 
vtlocitics of the balloon. Hence it is niglily probable, 
that it will never be in the power of man to giiide inch 
machines with any tolerable degree of fncccfs, cfpecialiy 
when any confideivbk wind blows, which is generally the 
cafe. A helm fccins to have no particular power in direct- 
ing the C()ui*fe of a balloon, for the fame reafon tliat has 
been alledged to evince the inefficacy of fails. Wc ha\C 
not in air, as in water, fays count de Mirabeau, in his Con- 
fidcrations on the Order of Cincinnatus, the refourcc of a 
fixed point of adlion upon a fluid, which has alfo much 
greater refifiance than air. He adds, that as there arc dif- 
ferent currents of air, fometiines in oppofite direftions, and 
balloons are capable of afeending and defeending in fearch 
of thefe currents, this cii'cumllancc may favour the hope of 
direAing aerollatic machines. Perhaps, an attention to tlie 
means by which birds fly againft the wind, ad«]cJ to obfc»*. 
vations of comparative anatomy upon fifties and birds, whkii 
furmoiuit the currents of the two fluids that are common 
to UR and them, may alfo fugj;c(l new ideas with refpciSt to 
the diredion of balloons. Time alone, and numerous ex- 
periments, can bring thefe rtfledions to maturity, and rea- 
lize the expcdlations fuggetted by them. 

Several of the foreign journals have lately announced an 
invention of profclfor Danzel for direding an air-bulloon 
through tl:c atmofphcre. With this view he hasconfirucle.l 
two cylinders, or axles, to the ends of whirb are fixed, in 
the form of a crofs, four fails, or oars, moveable at the point 
of their infertion in the cylinder, in fuch a manucr, that 
when made to move round by means of a handle, the eight 
oars, like the cogs of a w^ater-mill wheel, prefent fucccilivcly 
to the air fometimes their flat fide and fometimes their 
edge. To caufe each oar to turn back on itfclf about the 
fourth part of a circle, M. Danzel has not only left fuffici- 
ent play at the point where the (lick of each oar is inferted 
in tlie cylinder, but has placed the fiick in fuch a manner 
that the air itfelf makes the oar fall back, at each turn, with 
the iieccffary velocity and prccifion. Each of the two cylin- 
der, ^rmtd with its four oars or fails, is deilined to occ^y 
one fide of the balloon, with its four oars on each fide, ror 
a farther account of this apparatus and of its effed, fee 
Philofophical Magazine^ vol. iv. p. 108. 

As parachutes, in the form of umbrellas, have been pro- 
pofed in order to gqard againft accidents, and to break the 
hill in cafes of fudden defeent, we fliall here annex a method 
of eftimating the power of fuch defenfive machines. A 
perfon, moving uniformly at the rate of ten feet per fccond, 
may defeend with fafety. For this uniform defeent the rc- 
fiftai^ce of the air muft be ecmal to the whole defceodinf^ 
weiglit. Suppofe then that the weight of the aeronaut is 
150 pounds, and tlmt the parachute is fiat and circular, and 
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made of fuch materials as that every fquarc foot of it weighs 
two oiince|i» and that the weight increafes in the propor- 
tion of the incrcafe of the furface ; in this cafe the diameter 
of the parachute, which will dclcciul at the rate of ten 
feet per fecond, muft be upwards of 78 feet ; but if the 
parachute be concave on the lower lide, its power be 
rather greater, and its diameter may be lefs. In order to 
cflimate the power of a flat circular parachutCt or the re- 
ft llancc it meets with from air of a mean denfity, when de- 
feending with a given velocity, fay as the number 800 is to 
the fquarc of the velocity in feet, fo is the fquare of the 
diameter in feet to a fourth number, which will be the re- 
fillancc in pounds. And if it be reqaiicd to know, with 
what velocity a parachute will defeend with a given weight, 
fay as the given diameter is to the fquare root of the weight, 
fo is the number 28 i to a fourth, which will be the velo- 
city in air of a mean denfjty. Thus, if the diameter of a 
balloon be 50, and its weight, together with that of a man, 
be 530 pounds, the fquarc root of which is 23 very nearly; 
then 30 : 23 : : 28i : 13 ; and therefore the man* and pa- 
rachute will defeend with the velocity of 13 feet per fecond, 
which, as it is equal to that acquired by leaping freely 
from a height of two feet two inches, may be very fafely 
fuftained. 

Aerostation, ufesof. The advantages of an art, fo 
lately difeovered, have not yet been fufficiently afeertained ; 
but we may rcafonably cxpc 61 , confidcring the progrefs it 
has made in fo (hort a fpace of time, that many benefits 
may refult from the farther profecution of it. To fay the 
leaft, it is unphilofophical to difeourage future trials and 
improvements, becaufc the ufes of this art do not immedi- 
ately appear. With regard to philofopliical obfervations, 
derived horn acroftation, it is acknowledged that very few 
have yet been made. The novelty of the difeovery, and of the 
profpecf, fays Mr. Cavallo, has generally dillradcd the at- 
tention ; and befides, moft of the aerial voyages have been 
made by perfons who had pecuniary profit alone in view, 
or who were ilimulatcd to afeend in the atmofphcrc for the 
fake of the proipc( 5 \, or by the vanity of adding their 
names to the lifl of aerial adventurers. Aerial navigation, 
conlidercd as a mode of travelling between diftant places, 
independently of its furnifhing means of conveyance to 
places otherwife inacctffible, is attended with many advan- 
tages and conveniences. The aeronaut has much lets 
trouble with this machine than a failor with a (hip in the 
moft favourable circumttances. With a moderate wind, 
aerial navigators have often gone at the rate of forty or fifty 
miles an hour, and very commonly at the rate of thirty 
miles without any agitation, or even feeling the wind, and 
without the danger of lofing time by being often becalmed. 
Aerollatic machines may Urve the purpofc of cfcaping 
from (liips that cannot fafely land, from bcfieged places, 
and from other circumftanccs of danger. A fmall balloon 
fix or feven feet in diameter, fays an anonymous author in 
his propofal of various means for faving the crews of vcffcls 
(hipwrcckcd near the coaft, would anfwer this purpofe, bv 
carrying to the (bore a firing capable of drawing a cord, 
with which fcvcral ropes might be afterwards conveyed to 
the vefitl. They alfo expedite the communication of im- 
portant events by fignals, and ferve for exploring, from a 
great elevation, adjacent coafts or regions, fleets and armies. 
To the latter of thefe purpofes they have been actually ap- 
plied by the French, in the courfe of the lad war; and to 
the elevation of a balloon, and the information obtained in 
confequence of thus reconnoitering the ann]|r of the enemy, 
they aferibe the vidory obtained in the battle of 

Fleurus in 1794* The balloon employed on tbit occafion. 


was called the Entreprenanft and it was under the diredion 
of M. Coutcl, the captain of the aeronauts at Meudon, ac- 
companied by an adjutant and a general. He afeended 
twice in the lame day, to the height of 220 fathoms, for 
the purpofe of obferving the pofitlon and manoeuvres of the 
enemy. He continued each time four hours in the air, and 
correfponded with General Jourdan, who commanded the 
French army, by means of pre-concerted fignals. The en- 
terprife was difeovered by the enemy, and a battery opened 
its fire againll the afeending aeronauts ; but they foois 
gained an elevation which was beyond the reach of their 
fire. This balloon was prepared under the diredion of the 
Aerojlatic Institute, for theufe of the army of the north ; 
as were alfo another called Celejle^ for the aimy of the 
Sambre and Meufe, and the Hercuk and ItitrrpUe^ for the 
army of the Rhine and Mofcllc. Another, thirty feet in 
circumference, and weighing 160 pounds, was deftined for 
thcarmy of Italy. A new machine, invented by M. Conte, 
the diredlor of the Aeroftatic Inftituie, was defigned to aid 
the aeronauts in communicating intelligence, and was de- 
nominated the Aerojlatic Telegraph. Balloons may like- 
wife ferve to explore the ftate of the atmofphere at differ- 
ent heights, and to furnifh obfervations, which (hall illuflratc 
a variety of phenomena, depending on the denfity, tempera- 
ture, and other qualities ot the air. From one experiment 
that has been already made we learn, that the air of a 
high region, preferved and examined by means of nitrous 
air, was found to be purer than the air below. The appli- 
cation of thefe machines to cledlrical experiments, is a very 
obvious ufe of which they are capable. The firft perfon 
who employed them in this way fee ms to have been the 
Abbe Bertholon, at Montpellier. He raifed feveral air 
balloons, funiifhcd with long and (lender wires, having 
their lower ends faftciied to a glafs Hick, or other infulating 
fubftance; and thereby obtained from the wires cleflric 
fluid fufiicient to (hew the attradion, rcpulfion, and even 
the fparks of cledricity. The cxiltence of a continual elec- 
tricity, of the pofilive kind, in a clear atmofphere, known 
indeed before, has been farther afeertained by firings faf- 
tened to balloons floating in the atmofphere. Some have 
apprehended danger from the clc6lricity of the atmofphere ; 
and have thought that a ftroke of lightning, or the fmailcft 
cleclrical fpark, happening near a balloon, might fet fire to 
the inflammable air, and defiroy both the machine and the 
adventurers. Mr. Cavallo has fuggefted fcvcral confidcra- 
tions for diminifhing apprehenfions of this kind. Balloons 
have been already raifed in every fcafon of the year, and 
even when thunder has been heard, without injury. In 
cafe of danger the aeronauts may cither defeend to the 
earth, or afeend above the region of the clouds and thunder 
fiorms. Befidcs, as balloons are formed of materials that 
are not conduflors of clc6lricity, they arc not likely to re- 
ceive ftrokes, cfpccially as by being cncompalTed with air 
they (land infulated. Moreover, inflammable air by itfelf, or 
unmixed with a certain quantity of common air, will not 
burn ; fo that if an elearic fpark (hould happen to pafs 
through the balloon, it would not fet fire to the inflammable 
air, unlefs a hole was made in the covering. 

For a variety of other important and ufeful particulars 
relating to the fubjcA of acroftation, we mull refer to Mr. 
Cavallo*8 curious and compehenfive work, entitled, the 
Hiftory and Pra6lice of Aerofiation, 8vo. 1785 ; which 
will afford the reader ample information concerning the 
principles of this art, and the hiftoiy of its progrels^ the 
method of conftrufting and managing balloons, the na- 
ture and preparation of the materials of which they are 
formed, the obfervations and ules to which they are 
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idapUd, tnd fttlei for eftimiung the heighti to which they to). Ixix. p. 551.— vol. Ixxi. p. 379.— voL Ixxiii. p. 99.-- 
ftfcend. Meyer’t mgmcnta fur Parii, tom. it. p. to;* &c. Hut- 

See &lfo for an account of feveral publications on this ton’s Math. Did. Art. AcrolUtion. 
fuljed and abftrads of their contents, Monthly Review, 




Air 


AIR, in Ph^cs, a thin, fluid, claftic, Iran fparent, pon- 
derous, compreliible, and dilatable body ; furrounding the 
terraqueous globe to a confiderable height. 

Air was confidered by fome of the ancients as an clement ; 
but then, by element, tney underftood a different thing from 
what we do. See Elsments. 

It is certain, that air, taken in the popular fenfe, is far 
from the fimplicity of an elementary fubftance ; though fome 
of its properties and ufes in a ftate of comWnation with 
various fubftances, from which it has been citricated by 
modem analyfis, may entitle it to this appellation. Hence 
air may be diilinguiflied into proper or elementary^ and vulgar 
or heteregeneouu 

Aia, elementary^ or Air properly fo catted^ is a fubtue, 
homogeneottSi claffic fluid : the bafis, or fundamental in- 
gredient of the atmofpherical air, and that which gives it 
the denomination. 


In this fenfe, it likewife enters into the compofition of 
mod, or perhaps all bodies, exiding in them under a folid 
form, deprived of its cladicity and mod of its didinguifliing 
properties, and ferving as their cement, and the univerfu 
bond of nature ; but capable, by certain proceffts, of being 
difengaged from them, recovering its eladicity, and refem- 
bling the air of our atmofphere. See Hale's Vegetable 
Statics, chap. vi. See Gas. 

The peculiar nature of this aerial matter we know but 
little of ; what authors have advanced concerning it being 
chiefly conjctaun»L Wc have no way of altogether fepa- 
rating it from the other matters with which in its pured date 
it is more or Itfs combined, and confequeiitly uo way of 
afeeruining, with fatisfadory evidcnc^ its pe^ar proper- 
ties, abdradedly from thofe of other bodies. 

Pr. Hook, and fome otherr, maintain, that it is the 



24 


AIR 


fame with their ^thevy or that flue, fluid, aAIvc matter, 
dilfufc'd throujp^h the whole expanfe of the celelhial regions ; 
which coincides with Sir L Newton’s fuhule medUtmy or 
J\iirit. Ill this view it is fuppofed to be a body fui ^e/terisy 
ingcnorabli;, incorruptible, immutable, prefent in all places, 
'and in all bodies. 

Others, coniidcring only its property of elafticity, which 
they accou it its efientialaiid conilituent charader, fiippoJc 
it to be mechanically producible; and to be no other than 
the matter of other bodies, fo modified and altered, as to 
become permanently claitic. Sir Ifaac Newton obferves, 
that the particles of denle, compad, and fixed ftibiUriccs, 
cohering by a llroiig attradive force, are not lcpar«iblc 
without a vehement heat, or perliups not without ternicn- 
tRtion ; and fuch bodies being at length rmciied by inch 
heat or fermcatation, become true psnnavent oir ; and dif- 
tmguiihable from vapour, wliich is only apparnity or iran^ 
jtent airy as is evident from the experiment with the aeoli- 
pile. Optics, Qu. 31, p. 371, 372. ed. 3. See Air, 
almofphn'tca!. 

Air, vulgar or heterogeneous y is a coalition of corpnf- 
cles of various kinds, confiituting together one fluid mal^, 
ill which we live and move, and which we are continually 
receiving and expelling by refpir.itioii. 'I'h^ whole alFem- 
blage of this makes what we call the atrnorplie’'e ; where 
this air, or atmofpiiere, terminates, there ttiher is fuppofed 
10 commence ; which is ddlinguifhed from air by its not 
m iking any fenfible rcfradioii of the rayu of light, as air 
docs. 

Air, ill this popnlir and extcnfivre meaning of the term, 
is acknowledged by Mr. Boyle to be the moll heterogeneouH 
body in the univerfe. Boeihaase fliews it to be an univerfal 
■chaos, or colluvies, of all kinds of created bodies. Befides 
the matter of light or fire, which continually flows into it 
from the heavenly bodies, and probalfly the magnetic effluvia 
of tliecartli ; whatever fire can volatilise is finind in the air. 

Hence, for inftance, 1. The whole fuflile kingdom muft 
necclfarily be found in it ; for all of that tribe, as falls, ful- 
phurs, Hones, metals, &c. are convertible into fume, and 
thus capable of being rendered part of the air. Gold itfelf, 
the moil fixed of all natural bodies, is found to adhere dofe 
to the fulphur in mines ; and thus to be railed along with it. 
Mr. Boyle obferves, that befidc the faline effluvia of the 
common fort, fuch as the nitrous, vitriolic, marine, 5cc. 
there may be many compounded kinds of fidts in the air, 
which we hive not on earlii, arifing from dllfcrcnt faline 
fpirits, fortuitoufly meeting and mixing together. Thus, 
4 be ghifs windows of ancient buildings are fometimes ob- 
Ici'vcd to be corroded, as if they had been worm-eaten ; 
t‘iough none of the fimple falls above-mentioned have the 
iaculty of eon-oding glafs. 

Sulphurs too mail make a confidcrable ingredient of the 
aT, on account of thofe many volcanos, grottos, caverns, 
kc. d other fpiracles chiefly affording that mineral, difperfed 
\ hrough the globe, 

2. All the parts of the animal kingdom mull alfo be in 
I he air; for befides the copious effluvia continually emiitcd 
from their bodies, by the vital heat, in the ordinary procefs 
of perfpiration ; by means of which an animal, in the courfe 
of its duration, impregnates the air with many times the 
quantity of its own body ; wc find that any animal when 
dead, being exjpofed to the air, is in a certain time wholly 
incorporated with it. 

3. As to vegetables, none of tliat clafa can be fuppofed 
wanting j fmee wc know tliat aU vegetables, by putrdEadion, 
become volatile. 


The aflbeiations, reparations, attritions, diflblutions, and 
other opei-atioiis of one fort of matter upon aiiotlicr, may 
llkewifc be coiifidered asfources of numcious other neutral, 
or anonymous bodies, iinknov/n to us. 

4. VVater is alfo difFufed through the air in ip'eat abun- 
dance. Many familiar inllancca might be allcagcd to this 
purpofe. A bottle of wine, when taken out of llie cellar 
in the dneft anc! holleftday of fummer, will foon be covered 
with a denfe vapour, which is water depolitcd by the air. 
The fame appearance is obferved on the outfide of any me- 
tallic veflcl, wliich, in warm weather, contains water cooled 
by ice or the fulatioii of fait, or even fpring water, which is 
fume degrees colder tlian the air. Tor other fadls of finiibr 
kir.il, fee \V a i ur. 

Air, in ibis general fenfe, is one of the moH confidcrable 
and imiveiTal agents in all nature; lieiag concerned in the 
preferva'lion of file, and llie prodmSllon of moll of the plie- 
iioineira relaling to our v^orId. Ts properties and eifcdls, 
including a great part of the rcfearches and difcoverics of tlie 
modern philofopliors, have in a confidcrable degree been re- 
duced to precife lav/s and denionftrations, in which form they 
make a veiy cxtcMili^e and important branch of the mixed 
matlirUvUics, called pnlum atics. 

Air, vu'charical properties and effe3s of. The moft 
conllJcrablc of tlicie are its Jiuid'ityy weighty and elaf 
tu ity, 

I. Fluidity, That the air is a fluid, is evident from the 
cafy pafl'age it affords to bodies through it ; as in the pro- 
pagation of fmcUs, and other effluvia, and the eafy con- 
veyance it affords to founds : for tbefe and limilar effeds 
prove it to be a body, whofe parts give w'ay to any force 
impreffed, and, in yicldinjir, are ealiiy moved among them- 
fclves; which is tlic definition of a fluid. Befides, it is cer- 
tain, that no condenl’ation by preffure, nor any degree of 
cold that has ever yet been produced, natural or artificial, 
have been fulficient to deprive it of its fluidity. It is true, 
indeed, tliat leal permanent air may be extraaed from folid 
bodies, and may be alfo abforbed by them ; and in this flatc 
it mull be very much condenfed : but under wdiat form it 
cxifts in thofe bodies, or how its particles are combined 
together, the rcfcarches of philofophy and cheiniflry have 
not yet been able to explore. 

They who, w'ith the Cartefians, make fluidity to confifl 
ill a perpetual intcfUnc motion of the parts, find that air 
anfwers alfo to that charadlcr : thus, in a darkened room, 
where the fpecies of external objects arc brought in by a 
finglc ray, they appear in a continual flutluation ; and thus 
even the more accumle thermometers are oblliTcd never to 
remain a moment at refl. 

The caufe of this fluidity of air is attributed by fomc 
later philofop]ici*s to the fn-e intermixed with it ; without 
which, they imagine, the atiuofphere would harden into 
a loiid impenetrable mafs. And hence, the greater the 
degree of fire, tlic nioi e fluid, moveable, and pervious is the 
air : and thus, us the dejpcc of fire is continually varying, 
according to the circiimflnnccs and pofilion of the heavenly 
bodies, the air is kept in a continual reciprocation. See 
Buifon’s Hill. Nat. Supp. vol. i. Hence, in a great mcar 
fure, it is faid, tiiat oh the tops of the higher mountains, 
the fenfes of fmelling, hearing, kc, arc found very feeble. 
The increaled rarity of the air at a confidcrable height may 
account for this effe£l ; hut the above hypothefis is con- 
tradifted by the more fenfible experience of cold : the air, 
near the furface of the earth, deriving greater heat from the 
refleflcd than from the dircdl rays ot the fun. 
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IL Jfeight or gravity, OF this property of air the ancients 
were not ^together nnapprifed; though their fentiments on 
the fubjed were confufed and unfati8&£i:ory, Ariftotle (dc 
Casio, lib. iv. c, i, op. tom. i. p. 485.) obferves, that all the 
elements, fire excepted, have weight ; and he adds, that a 
bladder inflated with air, weighs more than when it is quite 
empty. Plutarch (de Placitis. lib. i. c. la.tom.ii. p. 883.) 
and Stobasus (Eclog, Phyf. lib. i. c. 17.P.32. Ed. 1609.) 
quote Anftotle as teaching, that the weight of a»r is between 
that of fire and earth ; and he himfdf, treating of refpiration, 
(cap. vii. oper, torn. i. p. 722.) reports the opinion of Em* 
pedocles, who aferibes the caufe of it to the weight of the 
air, which by its prelTurc infiiiuates itfelf with force into 
the lungs. Plutarch (dc Placit. lib. iv. c. xxii. tom. ii. 
P.9C3.) exprefles, in fimilar terms, the opinion of Afcle- 
piiidcs on this fubjeA ; and reprefents him as faying, that the 
external air, by its weight, opened its way with force into 
the bivall. Heron of Alexandria, in his treatife intitled 
Splritaliny conftantly applies the clqfllcity of the air to pro- 
duce fuch tfFc£ls as arc fuHicient to convince us that he 
well underftood that property of it: and Ctefibiiis, admit- 
ting the principle of the air’s elaflicity, invented wind-guns, 
which have been confidered as a modern contrivance. Philo 
of Byzantium (in Veter. Mathem. p. 77. Ed. Paris.) de- 
feribes thefe curious machines, conftru£ted upon the prin- 
ciple of the air’s being capable of condenfation. Seneca 
alio (C^uaeft. Nat. lib. v. c. v, and vi.) was acquainted with 
the weight and claftic force of the air ; for he deferibes the 
conftant effort by which it expands itfelf when it is com- 
preffed, and affirms, that it has the property of condenling 
Itfelf, and fotcing its way through all ohllaclcs that oppofe 
its paffage. See Dutens’s Inquiry into the origin of the 
I)ifcovencs attributed to the Moderns, p. 186. 17^9. The 
followers of Arillotlc, however, abandoned the fentiments 
of ihtir mafttr on this fubjedt ; and fe r many ages main- 
tained a contrary dodirine. The efft-dfs which arc now 
known to rcfult from the weight and claftieity of the air, 
were for a long time attributed to the imagiiiaiy principle, 
called fuga vacui, or nature’s abhorrence of a vacuum ; and 
Galileo himfclf admitted the principle, though he affigned 
a limit to it, correfponding to the weight or a column of 
water 34 feet high. This dillinguifhcd pbilofopher, how- 
ever, was well apprifed of the weight of the air as a body ; 
and, in his Dialogues, be points out tw»o methods of de- 
mon ftrating it, by weighing it in bottles. Bat the prefTure 
of the air was difeovered by his difciple, Torricelli. In the 
year 1643, it occurred to him, that whatever mi^ht be the 
caufe by which a column of water, 3^ feet high, is fullaintd 
above its level, the fame force would fuftaio a column of 
any other fluid, which weighed as much as that column of 
water, on the fame bafe ; and hence he concluded, that 
quickfilver, being about 14 times as heavy as water, would 
not be fu flamed at a greater height than that of 29 or 30 
inches. He then made the experiment, called after his 
name ; and inferred from it, that the weight of the air in- 
cumbent on the furfacc of the external quickfilver, counter- 
balanced the fluid contained in the tube. By this experi- 
ment he not only proved, as Galileo had before done, that 
the air had weight, but that its weight was the caufe of the 
fufpenGon of water and quickfilver in pumps and tubes, and 
that the weight of the whole column of it was equal to 
that of a like column of quickfilver, 30 inches high, or of 
water 34 oa 35 feet hign ; but he did not afccrtain the 
weight of any particular quantity of it, as a gallon, or a 
cubic foot ; nor its fpecific gravity to water, which had been 
done, though inaccurately, by Galileo. Torncelli's experi- 
ment was pubUlhcd at Warfaw, in Poland, by Valcnanus 


Magnus, as his own difcoveiy ; but from the letters of Ro« 
berval, it appears, that Torricelli’s claim to priority is indif- 
putable ; and that neither Valcrianus, nor Honoratus Fabri, 
to whom it has been aferibed fo early as the year 1641, can 
juflly difpute it with him. The firft dilcovcry of the 
weight and elaflicity of the air has been lately aferibed to 
Jean Rey, who wrote in 1629, before Galileo, Torricelli, 
Des Cartes, and Pafchal. His fourth and tenth cflays have 
been cited in favour of his claims ; but though he was ap- 
prized that comprtffion augmented the w eight of the air, and 
he feems to have believed, with Ariflotle and others at a 
very ancient period, that air was lieavy, yet the proofs 
which he alleges w'ere not fufficient to convince the incredu- 
lity of the peripatetics. The Torricellian experiment, by 
which the fa£i was cftablinicd, and which father Mcrfcnne 
received an account of in 1644, was immediately commu- 
nicated to the philofophcrs of Trance, and repealed in 
various w'ays by Mtflib. Pafchal and Petit; and this gave 
occafion to the ingenious treatife publilhcd by Pafchal, at 
23 years of age, intitled, “ Experiences Noiivcllcs toucliant 
la Vuide.” Having, after fome hefitation, adopted Torri- 
celli’s idea, and abandoned the principle of n fiiga vacui^ he 
devifed feveral experiments for confirming it. One of thefe 
was to make a vacuum above the reftrvoir of quickfilver, 
in which cafe he found that it funk to the common level : 
and lie then engaged M. Perrier, his brothtr-in-Iaw, to 
execute the famous experiment of Puy-dc-Domme, w'ho 
found that the height of the quickfilver lialf way up the 
mountain was lefs by fome inches than at the foot of it ; 
and that it w^as ftill Icfs at the top. Thefe fads incontef- 
tibly proved, that it w'as the weight of the atmofphere which 
countemoifed the quickfilver. Des Cartes had alfo jull no- 
tions ot the power of the air for fuflaining fluids above their 
level, as appears by fome letters about this time, and fome 
years before ; and in one of thefe he lays claim to the idea 
of the Puy-de-Domme experiment. See Carlefii Opera* tom. 
ii. p. 243, 246. , ^ , 

The txperiment of Pafchal was repeated in various parts 
of the w'oild; and particularly in 1653, by Dr. Power, in 
England; and in i66i, by Mr. Sinclair, profeflur of philo- 
fophy at Glafgow, in Scotland. 

That the air is heavy, follows from its being a body; 
weight being an efleiitial property of matter. And that it 
is a body, is evident from its excluding all other bodies out 
of the fpacc it pofllffes ; for if a glafs jar be inverted into 
a vcfld of water, ihe air, of which it is full, will allow but 
little water to enter into it. But we have many argurnenta 
to the fame purpofe from fenfe and experiment : thus, the 
hand, applied on the orifice of a vcflcl empty of air, fooii 
feels the load of the incumbent atmofphere. Thus, glafs 
vtflcls, exhauiitd of tlicir air, arc eafjy ciuflied to pieces 
by the weight of the air without. So, two fmall hollow 
fegments of a fphere, four inches in diameter, exadly fit- 
ting each oihcr, being emptied of air, arc prefled together 
with a force equal to 188 pounds, by the weight of the 
ambient air; and that they arc kept together by the prefliire 
ol the air is evident, by fufpending them in an exnaufled 
receiver, where they will feparate ot themfclves. Farther, 
if a tube, clofc at one end, be filled with mercury, and the 
other end immerged in a bafon of the fame fluid, and that 
crefted, the mercury in the tube will be fufpended at the 
height of about 30 inches above the furface of that in the 
baton. The reafon of which lufpcnfion is, that the mercury 
in the tube cannot fall lower without raifing that in the 
bafon; which being prefled down by the weight of the 
inedmbent atmofphere cannot give way, unlefs the weight 
of the mercury in the tube exceeds that of the nir out of 
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it. That thi» is the cafe, is cvklcnt ; becaufe, if the 
whole apparatus be incl idee! in the receiver of au air pump, 
the mercury will fall in pn>])ortioii as the air is exhaulled ; 
and on gradually letting in the air again, the mcrcunr re- 
afeends to its former height. This makes what is uuialiy 
called the I'o r i c k l 1. 1 a n . '^pcrimait. 

To fay no more, we cafi a(Ftually weigh air ; for a vcfTel, 
full even of common air, is found, by a very nice balance, 
to weigh more tjian when the air is exiiaufted ; a quart of 
air weighing about lygiain,; and the cffedl is propor- 
tionably more fenliblo, if the fame vefTcl be weighed full 
of condenfed air, and more efpccially in a receiver void of 
air. 

The weight of air is continually varying, according to 
the difFercnt degree of heat and cold, and the conciiiTcncc 
of other caufes. Pafchal obferved it in France ; and l)es 
Cartes in Sweden, in iC^o, Mr. Boyle, and others, ob- 
ferved it in England, in i6^6. Some obfc’ /ers noticed, 
that it was generally great ell in the night and in winter ; 
and that its variatitms were moft conlklei-able during winter, 
and in the northern regions. Hence artife the application 
of the BAROMETLR to the ufes of a weather-glass. 
Ricciolus elliinates the weight of air to that of water, to 
be as I to looo; Merfciinus as i to 1300, or i to 
1356; Lana, as i to 640; Galileo only makes it as i 
to 400. Mr. Boyle, by a more accurate experiment, found 
it about London, as 1 to 938 ; and tlhnks, all things 
confidered, the proportion of 1 to icoo may be taken as 
a medium ; for there is no fixing any precife ratio, lince not 
only the air, but the water ilfelf, is continually vaiying. 
Befides, experiments made in different places ncceflarily 
vary, on account of the different heights of the places, the 
feal ions of making the experiment, and the different denfities 
of air correfponding to thefe circumffances. It muft be 
added, however, that by experiments made fince, before 
the Royal Society, the proportion of air to water was, 
ffrff, found as 1 to 840; then, as i to 852; and a 
third time, as i to 860. Phil, Tranf. N° 181. And 
lallly, by a very fimple and accurate experiment of Mr. 
Haukfbee, the proportion was fettled, as i to 885. 
Phyf. Meehan. Exper. But thefe experiments being all 
made in the fummer months, when the barometer was 29! 
inches high, Dr. Jurin thinks, that at a medium between 
heat and cold, when the barometer is 30 inches high, the 
proportion between the two fluids may be taken as 1 to 
800 ; which agrees with the obfervation of the honourable 
Mr. Cavendifh, the thermometer being at 50®, and the 
barometer at 29} inches. Phil. Tranf. vol. Ivi, p. 152. 

Sir George Shuckburgh, (Phil, Tranf. vol. Ixvii. p. 560.) 
by a very accurate expenment, found h as j to 836 ; the 
barometer being at 29,27 inches, and the th rmometerat 
53® 5 and the comparative gravity of quickfilve: to air, as 
1 1364,6 to I. The medium of all thefe is about one to 832 
Of 833, when reduced to the pref/ure of 30 inches of the 
barometer, and the mean temperature 55® of the thermo- 
meter* Upon the whole, it may be concluded, that when 
the barometer is at 30 inches, and the thermometer at the 
mean temperature of 55®, the deiifity or gravity of water 

it to that of air as 833 } to i ; that is, as to i, or as 

ayoo to 3 ; and for any changes in the height )f the baro- 
meter, the ratio varies proportio!*a]ly ; and alfo that the 
deniity of the air is altered by the pan, for every de- 
gree of the thermometer above or below temperate. This 
number, which is a very good ui *dlum, hiving £mC\on 
j, (jives exaSly of an ounce for the mean v/cight of . 
cumc foot of air; the weight of the cubk foot of water 
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being jull xooo ounces avoirdupois, and that of quick- 
filver eqnal to 13600 ounces. 

Air, then, being heavy and fluid, the laws of its gravi- 
tation, or prefTure, may be inferred to be the fame as tbofc 
of other fluids ; and confequcntly its prefTure muff be pro- 
otlional to its perpendicular altitude. This is alfo con- 
riTied by tuperimeut. For removing the Torrictllian tube 
to a more elevated place, where the incumbent column of 
air is fhovter, a proportionably Ihorter column of mercuiy 
is fuftaintd ; ai'd that nearly at the rate of ico feet for Ay'* 
of an inch of quickfilvcr. On this principle depend the ftnic- 
ture and office of the barometer. 

From hence, alfo, it follows, that the air, like all other 
fluids, muft prefs equally every way. This is confirmed by 
ohferviug, that fuft bodies fiiftain this preffiire without any 
change of figure, and brittle bodies without breaking ; 
though the preffurc upon them be equal to that of a column 
of nur. l; y thirty inches high, or a column of water of 
thirty-two or fomewhat more feet. It is obvious, that no 
other caufe can preferve fuch bodies unchanged, but the 
equabh- prcfliirc on all fides, wliich refills as much as it is 
rtlifted. And hence, upon removing or diminiflung the 
prefTure on one fide only, the effect of the prefTure is foon 
perceived on the other. For the quantity and effect of 
this preffurc of the atmofphere on the human body, and 
on the furface of the earth, and the laws of difleieiit 
heights, fee Atmosphere. 

From the gravity of the air, confidered in connexion with 
its fcvcral of its ufes and eflc^ls may be cafily deduced. 

1. By means of its weight, &c. it elefely invefts the 
earth, with all the bodies upon it ; and conftringes and 
binds them down with a force amounting, accorditig to the 
computation of M. Pafchal, to 2232 pounds weight upon 
every fquarc foot, or upwards of 15 pounds upon every 
fquare inch. Hence it prevents, r. gr. the arterial vcffela 
of plants and animals from being too much diftended by the 
impetus of the circulating juices, or by the elaftic force of 
the air, fo plentifully contained in the blood. — Thus we fee, 
in tJic operation of cuppiug, that, upon a diminution of 
tlic prefTure kS the air, tlie parts of the body grow tumid ; 
wliich ncccflatily alters the manner of the circulation throiigli 
the capillarii"j, &c. 

The faii.e eriiife hinder the juices from oufiiig and cfcap- 
ing through the pores of their containing vefTcls : this is 
experienced by fuch as travel up high mountains, who, in 
pniporlion as they afeend, find thcmfclvcs more and more 
relaxed } and at length become fiibjeft to a fpitting of blood, 
and other hsemorrhages ; becaufe the air doth not fufli- 
ciently conftringe the veffcls of the lungs. Similar effe^s 
arc obfervtd in animals that arc enclofed under the receiver 
of the air-pump, who, as the air is taken from them, pant, 
fwell, vomit, and difeharge their urine and excrements. 
See Vacuum. 

2. The weight of the air promotes the mixture of conti- 
guous fluid bodies. Hence many liquids, as oils and falts, 
which readily and fpontaricoufly mix in air, remain, on tlie 
removal of it, in a flate of reparation. 

3. This gravity of air docs in fome cafes determine the 
a£lion of one, body above another. 

4. To the fame principle arc chiefly owing our winds, 
which are only air put in motion by tome aUeration in its 
equilibrium. It is the weight of the air that caufes the 
clor%is and vajpours to float in it. 

III. Elt^idty^^r a power of yielding to an impref- 
iion by contracting its dimenfions ; and upon removing or 
dim.iilihing the impreflSve caufe, of returning to its former 
fpace or figure, is another quality of air* This elaftic 
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force has been long accounted the diftinguifting property of 
air ; the other properties hitherto enumerated bein^j common 
to it with other fluids ; though, from late experiments, it 
appears more than probable, that the capacity of being 
compreffed and expanded is not peculiar to air. See Wa- 
ter and Compression. 

This property of air has been long known, and was afccr- 
tained by fome experiments of lord Bacon, who, upon this 
principle, conftrufted his vltrum caltndare, the firft thermo*, 
meter. Bacon. Nov. Organ, lib. ii. aph. 1.3. 

Of this power we have numerous proofs. — ^Thus, a blown 
bladder being fqueezed in the hand, we find the included 
air fenfibly refift ; fo that, upon ccafing to comprefs, the 
cavities or impreffions, made in its fiirlace, arc readily ex- 
panded again, and filled up. 

On this property of elafticity, the flru^lure and office of 
the AIR-PUMP depend. 

Every particle of air always exerts this nifus, or endea. 
vour to expand, and thus ftrives againft an equal endeavour 
of the ambient particles, whofe reli fiance happening by any 
means to be weakened, it immediately difTnfes itfcl? into an 
immenfe extent. Hence it is, that thin glafs bubbles, or 
bladders filled with air, and exadlly clofed, being included 
in the exhaufled receiver of an airpump, burft by the force 
of the included air. 80 a bladder quite flaccid, containing 
only the fmalleft quantity of air, fwells in the receiver, and 
appears quite full. The fame effedl is alfo found by carrying 
the flaccid bladder to the top of a high mountain. This 
experiment fhews, that the clallicity of air is different from 
that of folid bodies: after thefe have been compreffed, 
they only refumc the figure which they had loft ; whereas 
air, when the compreffing force is removed, not only dilates, 
but occupies a much greater fpace than it did before ; nor is it 
cafy to affign the limits of its expanfion. From fome ex- 
periments of Col. Roy (Phil. Tranf. vol.67. p. 708.) it 
would feem, that the particles of air may be to far removed 
from one another, by the diminution of prefTurc, as to lofe 
a very great part of their tlaftic force. It alfo appears that 
the elaftic force ot common air is greater than whtn its 
denfity is confiderably augmented or diminifhed by an ad- 
dition to, or fubtra6fion from, the weight with which it is 
iifually loaded ; a fadl which contradi^ls the experience of 
Boyle, Mariotte, and others. Thefe experiments alfo fliew, 
th’^t the elaftic force of moift air is greatly fiiperior to that 
of dry air ; in fome cafes the total expanfion of the former 
V as more than four times that of the latter. 

It has been quellioned among philofophcrs, whether this 
el'iftic power ot the air is capable of being dtftroyed or di- 
ininifhed. Mr. Boyle made feveral experiments, with a 
view to difeover how long air, biougiit to the greauft 
degree of expanfion to which he could reduce it in his air- 
pump, would retain its fpring ; and could never obferve 
any lenfiblc diminution. Defaguliers found that air, after 
having bten encloM for half a year in a whid gun, had loft 
none of its tlafticity ; and Roheival, after preferving it in 
the fame manner for fixteen years, obferved, that its expan- 
livc projcdlile force was tlie fame as if it had been recently 
connenfed. Neverthdefs, Mr. Haukfbce concludes, from a 
later experiment, that the fpring of the air may be fo difturbed 
by a violent preffiire, as to require fome time to return to its na- 
tural tone. Dr. Hales inferred, from a number of experiments, 
that the elafticity of the air is capable of being impaired and 
dimintflied by a variety of caufts, and of b 'ing a^ually de- 
ft royed, fo that it is reduced to a fixed ftate. Hence he 
alfo concludts, that elafticity is not an effential immutable 
property of the particles of air; and that the atmofphcre is 
a chaos, confifting not only of elaftic, but alfo of unelaftic air* 
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particles, which copioufly float in it. Statical Eflays, vol. i. 

p. 1 6. 

The weight or preffiire of the air, it is obvious, has no 
dependence on its elafticity ; but would be the fame, w^hether 
the ai*- has fu**h a properly or not. But the air, being 
elaftic, is nec^^flarily aftedted by the preflure, which reduces 
it into fuch a fpace, as that the elafticity wliich re^adls 
againft the comprtifing weight, is equal to that weight. 
Indeed, the law of this elafticity is, that it incrcafca as the 
dciifity of the air inci eafes ; and the denfity iiicreafcs as the 
force incrcafefe by whn h it b preffed. Now, there muft lie* 
ceflarily be a balatice between tlie adlion and re-adlion ; i, e, 
the gravity of the air, which tends to comprefs it, and the 
elafticity of the air, which endeavours to expand it, muft be 
equal. And the elafticity of the air not very different from 
its natural ftate, being as the denfity, will of courfe be in- 
veiTely as the fpace which it ( ccupics. 

Hincc the elafticity increafing, or diminilhing, univerfally, 
as the denfity incrcafes or diminifties, i.r. as the diftance 
between the pai tides diminifhes, or increafes, it is no matter 
whether the air be compreffed and retained in fuch fpace, 
by the weight of the atmofphcre, or by any other means ; 
it muft endeavour, in either cafe, to expand with the fame 
force. And hence if air near the earth be pent up in a 
veffel, fo as to cut off all communication with the external 
air, the preffure of the inclofcd air will be equal to the 
weight or the atmofphcre. Accordingly, wc find mercury 
fuftaint-d to the fame height, by the elaftic force of air in- 
clofed in a glafs vcffd, as by the whole atmorpherical 
preffure. 

On the fame principle air may be artificially condenfed ; 
and hence the ftruAurc of the AiK-^un. 

Although it may be admitted as a general principle, that 
the denfity of the air is proportional to the force by which 
it is compreffed, as the experiments of Mr. Boyle and Mr. 
Mariotte have evinced ; yet in the cafe of condenfed air, 
the rule will not be ftriiftly applicable. Wlicn air is very 
forcibly compreffed, fo as to be reduced to fth of its ordi- 
nary bulk, it makes a greater rcfiftance, and requires a ftrongcr 
force to comprefs it than the above principle allows. Hence 
it appears probable, that the particles of air cannot, by any 
poffible preffure, be brought into perfedl contact, or form a 
folid mafs ; and thcrcfoic that the degree of condenfation has 
its limit. Thus alfo in very high degrees of rarefa6lion, the 
elafticity isdcci cafed raihtr more than in an exaft proportion to 
the weight or denfity of the air; whence it may be concluded, 
that there is a limit to its rartfadtion or expanfion, fo that 
it cannot he expanded to infinity. Nevcrthelefs, the utmoft 
limits to whu.h air of the denfity which it poffeffcs at the 
furfacc of the caith, is capable of being compreffed, have 
not been afeertained. Mr. Boyle reduced it at one' time to 
the 1 4th part, and at another to the 40th part of 
its natuial fpace, ( Works, vol, iii. p. J07.) Dr, Halley 
fays, that he has feen it comprefftd fo as to be 60 
times denfer than in its natural ftate, which is farther 
confirmed by Mr. Papin, and M. Huygens. Dr. Hales 
(Stat. Exp. vol. ii. P.34'3, &c. ) by means of a prefs, con- 
denfed it 38 times; and by freezing water in an iron ball, 
or globe, into 1522 times Itfs fpace than it naturally occu- 
pies : in which (late its denfity or fptcific gi'avity muft be 
nearly double that of water ; and as water is very [lightly 
compreflible, the particles of air muft be in their nature 
different from thofe of water; fince it would otherwife be 
impoifible to reduce air to a bulk Scx> times lefs than that 
which it occupies in its natural ftate. 

Hpweycr, Dr. Halley has afferted, in the Philofophical 
Tranfadions, (Abf. vol.ii. p* i?*} that from the experi- 
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rr.tnu rntwle at London, and by the Acadenf\y del CImento 
«t Florence, it might be fafely concluded, that no force 
whatever is able to reduce air into 800 times Icfs fpace than 
that which it natimilly pofTefTes on the furfacc of our earth. 
In anfwer to which, M. Amontons, in the Memoirs of 
the French Academy, maintains, that there is no affixing 
any bounds to its condenfation ; that greater and greater 
weights wil! flill reduce it into lefs and Icfs compafs ; that it is 
only clallic in virtue of the fire which it contains ; and that 
as it is impofTible ever ahfulutcly to drive all the fire out of 
it, it is iinpoHible ever to make the utmoft condenfation. 

The clalticity of the air exerts its force equally in all di- 
rcttioiis ; and when releafcd from the force that comprefies 
it, it afTumes a fphencal figure in the interilices of the bo- 
dies that contain it. By exhaiifling the air from liquors 
placed under the receiver of an air-pump, llie bubbles that 
gradually arife and arc enlarged in lizc, retain their round 
figure. Such are alfo tlie bubMes that difeharge tliemftlvcs 
from a plate of metal imnierged in a fluid in the fame cir- 
cumflances. On this account large glafs globes are always 
formed of a fjihcrical fhape by blowing air througli an iron 
tube into a piece of melted glafs at the end of the tube. 

The dilatation of the air by virtue of its elaflic force, is 
found to be very fuiprifing ; and yet Dr. Wallis fug^^efls, 
that \vc arc far from knowing the utmofl: of which it is ca- 
)ablt>. In fevend experiments made Viy Mr. Boyle, it di- 
eted firll into 9 time'i its former fpacc; tlien into 31 times; 
tlicn into 60; and then into 150. Aftcrwai'ds, it was 
hrouglit to dilate into 8coo times its firlt Ipace; then 
into 10,000, and even at latl into 13,^79 times its fpace ; 
and this altogether by Its own expaniive force, without the 
help of fire. Boyle’s Works by Birch, vol. i. p. 21, 22. 
vol iii. p. 49S, 499. 

On tiiib depend the flnifturc and ufe of the Manometer. 
Hence it appears, that the air wt breathe near the furface 
of the cailh is comprcfTcd by the weight of the fuperin- 
cumbeut column into at Icaft the 13679th part of the fpace 
it would poflefs }n vacuo. But if the fame air be condenfed 
by art, the fpacc it will take up when moil dilated, to that 
it pofllllcs NS hen condtuifcd, will be, according to the fame 
author’s (.xperiments, as 550,000 to I. 

We hence fee how wild and erroneous the obfervation 
of Ariftotle was, that air, rendered ten times rarer than 
before, changes its nature, and becomes fire. 

It has gencrcdly been fuppofed, that air expands 
each degree of the thei mometer, commencing from the 
mean teiupcraturo 55' ; and upon tliis prinei]de tables have 
been computed by allronomers for corrcvHing tlieir mean 
refniftions ; but Sir George Shin kburgli alhrws at this 
temperature an expimfion of Phil. Tranf. v. 

67. p. 564. Mr. Haukfliee obit wed, that a portion of air, 
included in a ghifs tube, when the temperature was at the 
freezing j)oInt, formed a volume which was to that of the 
fame quantity of air in the greateil heat of fummer in Eng- 
land as 6 to 7. Modi air has been expanded into more 
than 12 times the fpacc occupied by it in its freezing flate ; 
and Merfennus by means 01 the scolipile expanded it into 
more than 70 times its natural bulk. Mufehenb. lutrod. 
ad. Phil. Nat. tom. ii. p. 884. 4to. 

M. Amontons, and otliers, we have already obferved, 
attribute the rarefa£lion of the air wliolly to the fire con*, 
tained in it ; and tliereforc, by incrcafing the degree of heat, 
the degree of rarefadlion may he carried Hill farther than its 
fpontaueous dilatation. Air is expanded { of its bulk by 
boiling winter. Hill. Acad. Sc, 1099. 

Dr. Hales found that the air in a retort, when the bottom 
of the vclTcl was juft beginning to be red hot, was expanded 
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through twice its former fpacc, and in a white, or almoft 
melting heat, it occupied thrice its former fpacc 5 but Mr. 
Robins found, (New Principles of Gunnery, ch. 1. prop. 5. 
p. 12.) that air was expanded by the heat of iron, juft be- 
ginning to be white, to four times its farmer bulk. Tints 
we account for the apparent inflation of a flaccid bladder, 
when it is warmed by the fire, and on this principle depend 
the ftrudlurc and otlice of the thermometfr, and alfo 
the formation and afeent of air-balloons. See Aeros- 
tation. 

M. Amontons firft difeovered tliat air will expand, in pro- 
portion to its dcnfity, with the fame degree of lieat. On 
this foundation, the ingenious author has a difeourfe, to 
prove, ‘ that the fpring and weight of the air, with a mo- 

* denite degree of warmth, may enable it to produce even 

* cartliquakcs, and other of the moil vehement commotions 
‘ of nature.’ 

According to the cxpeiimcnts of this author, and M. dc 
la Hire, a column of air on the furfacc of the earth, 36 
fatlioms higli, is equal in Nvcight to three lines depth of 
mercury; and it is found, that equal quamitics of air poiTcfj 
fpaecs reciprocally proportioned to t!ic weights with which 
they arc prcfl'cd ; the weight of the air, tlicrcforc, whitdi 
would fill the v.hole fpace poficlTcd by the tcrrellriul globe, 
would be equal to a cylinder of mercury, whofe bafe is equal 
to the furfacc cf the earth, and its height containing as 
many times three lirjca, as the atmoipherlcal fpace contains 
orbs equal in weight to 36 fathoms of that wherein the ex- 
periment was made. — Hence, taking the dcnfell of all bodies, 
gold, whofe gravity is about 14,630 times greater than 
tliat of air In our orb, it is cafy to compute, that this air 
would be reduced to the fame denfity as gold, by the prefliuc 
of a column of mercury 14,630 times 2S i.'clies high, /. c 
409,640 inches, Cncc the bulks of air, in that cafe, would 
be in the reciprocal ratio of tiic weights by wliich they ere 
pixfTcd. Thcic 409,640 inches, therefore, ixprtfsthc fieiglit 
at which the barouu ter mull Hand, where the air would be 
as heavy as gold, and the number 2^ litics, tliethitk- 

nefi to vvbich cur column of 36 fathoms of air would be 
reduced in the fame place. 

Now', wc know, lluit 43.^28 fathems, which is the depth, 
W'hcre the above prcffiuc, and corfequent ruhedion take 
place, are only the 74th part of the fcmidicmitcr of the 
earth; and, tiuTtfirre, beyond that dtjub, what.jver nvatlcr 
cxifts, it mull be heavier than gold. It is wot imprc.'hable, 
thtrefore, that the remaining iph ere of 6,451,538 fathoms 
diameter may be full of dcnie an*, heavitv hv many degrees 
than the htaviell bodies which we know*. l*/tnce, again, as 
it is proved, tlic more air i. con'prtlTetl the ir<.re does the 
fame degree of fire h:ercafe the Iotcc of its fpring, and 
render it capable of a pnq’vortionably grc.'flcr eflc^l ; wc n.ay 
infer, that a degree ot heat, whieli in curo b can only pro- 
duce a moderate elleifl, may l^ave a very violent: one in fuch 
lower orb ; and that, as llicre may be many d«‘grces of heat 
in nature, beyond that of boiling water, ills piobabletlieie 
may be fume, whofe violence, thus affilUdby the weight of 
the air, may be fufficient to tear afundcr tht folid globe. 
Mem. dc rAcad, an, 1703. Sec EARTHiiitAXEs. 

This elnflic projierty of air is fuppofed by many philofo.^ 
phcrslo depend oil the figure of ilx corpiifelcs, which they 
apprehend to be ramous ; feme maintiiin that they are fo 
many minute flocevU^ refembJing fleeces of wool ; otherfi 
conceive them rolled up like hoop8> and curled like wires, 
or fliavings of wood, or coiled like the fpvings of watches, 
and endeavouriug to rcllore ihemfelves in virtue of their 
texture : fo that to produce air, muft be to produce fuch a 
figure and difpofition of parts ; and tbofe bodies only are 
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proper ftibjeAs) which are fiifceptible of fuch difpofition ; 
Mrhich fluidft from the fmoothnefs roundnefs, and flipperi* 
Acfs of their partSt are not. 

But Sir Ifaac Newton (Optics, p. 571.) explains the 
matter otherwife ; fuch a texture, he thinks, by no means 
fufficient to account for that vaft power of elafticity obferved 
in air, which is capable of diffufing itfelf into above a million 
of times more fpace than it before poiTeffed.-^But, as all 
bodies are (hewn to have an attra6tive and repelling power ; 
and as both thefe are (Ironger in bodies, the denfer, more 
compa^, and folid they are ; hence it follows, that when by 
heat, or any other powerful agent, the attra£live force is 
furmounted, and the particles of the body feparated fo far 
as to be out of the fphere of attraftion ; the repelling power 
which then commences makes them recede from each other 
with a ftrong force proportionable to that with which they 
before cohered ; and thus they become permanent air. And 
he has proved, that particles, endeavouring to recede from 
each other with forces reciprocally proportional to the dif- 
tauce between their centres, wull compofe an elaflic fluid, 
whofe dcnfity (hall be proportional to its compreflion. 
Hence, fays the fame author, it is, that as the particles of 
permanent air are proffer, and rife from denfer bodies, than 
thofe of tranfient air, or vapour, true air is more ponderous 
than vapour ; and a moift atmofphere is lighter than a dry 
one. 

The elaftic power of the air above illuftrated and evinced, 
is the fecond great fouice of the effedls of this important 
fluid. By this property, it infuuiatcs itftlf into the pores 
of bodies, and by poflVfllng this prodigious faculty of ex- 
panding, which is fo cafily excited, it mull nccclTarily put 
the particles of bodies into which it inlinuates itftlf into 
ptrpetual ofcillatioiis. Indeed, the degree of heat, and the 
air's gravity and dcnfity, and coufcqucntly its elafticity and 
expanfion, never remaining tlie fame for the leaft fpace of 
time, there mull be an incclfant vibration, or dilatation and 
contradlion of all bodies. 

We obferve this reciprocation in fcveral in (lances, parti- 
cularly in plants, the tracheae, or air-vcfiels of which per- 
form the office of lungs ; for tlic contained air alternately 
expanding and coniradling, as the heat increafes oir is dinni- 
nimed, by turns compreflesthc veflels, and eufesthem again : 
and thus promotes a circulation of their juices. Sec Air- 

Hence, we find, that no vegetation nor germination will 
proceed in vacuo. Indeed beans have been obferved to grow 
a little tumid therein ; and this has led fomc to attribute 
that to vegetation, which was really owing to no other caufe 
than the dilatation of the air within them. 

The air is very inftrumental in the prodiiftion and growth 
of vegetables, not only bv invigorating their fcveral juices, 
while ill an elaflic adlive ftatc, but alto by greatly contri- 
buting in a fixed Hate to the union and firm coane£lion of 
their fcveral conftituent parts, and by fupplying them with 
that food or pabulum, which contributes to their growth. 

From the lame caufe it is, that the air contained in bub- 
bles of ice, by its continual a6lion, burfts the ice ; and thus 
alfo, as well as by the expanfion of freezing fluids, glaffcs 
and other vcflels fre^cntly crack, when their contained 
liquors arc frozen. Thus alfo, entire columns of marble 
(bmetimes cleave in the winter time, from fomc little bubble 
of included air’s acquiring an increafed elafticity : and to 
this it is owing, that few ftones will bear to be heated bjr 
the fire without cracking by the expanfivc force of the air 
confined withm their pores. From the fame principle arife 
futrefa&iw and fermentation / neither of which will proceed» 
even in the beft difpofed fubje£lS| in vacuo. 


Since we find fuch great quantities of elaftic atr, gene* 
rated in the folution of animat and vegetable fubftances, a 
good deal muft conftantly arife from the diffolution of thefe 
elements in the ftomach and bowels, which is much pro- 
moted by it : and refpiratioii, and even animal life, depend 
in a great meafurc upon the air. 

In reality, all natural corruption and alteration feem to 
depend on air ; and metals, particularly gold, only feem to 
be durable and incorruptible, in virtue of their not being 
pervious to air. 

Air, of the different ingredients of Air not only 
afts by its common properties of gravity and elafticity, but 
there arc numerous other effedls, arifing from the peculiar 
ingredients of which it confifts. 

Thus, I. It not only dilTolvcs and attenuates bodies by 
its preffure and attrition, but as a chaos containing all kinds 
of menftrua, and confequently pofleffing powers for diffolving 
all bodies. It is known that iron and copper readily 
dilTolvc, and become rufty in air, unlefs well defended witn 
oil. Boerhaave aflures us. that he has feen pillars of iron fo 
reduced by air, that they might be crumbled to dull between 
the fingers ; and as for copper, it is converted by the air 
into a fubftance much like the verdigrife produced by 
vinegar. 

Mr. Boyle relates, that in the fouthem Englifh colonies 
the great guns ruft fo faft, that after lying in the air for a 
few years, large cakes of crocus mortis may be ftparated from 
them. Acofta adds, that in Peru the air diffolves lead, and 
confidcrably increafes its weight. Yet gold is generally cf- 
teemed indiflbluble by air 5 being never found to contra^ 
ruft, though expofed to it ever fo long. In the laboratories 
of chemilts, however, where aqua regia is prepared, the 
air becoming impregnated with an unuUial quantity of this 
mcriftruutn, gold contrad'ls a ruft like other bodies. 

Stones alfo undergo the changes incident to metals.— 
Thus, Piirbeck ftonc, of which Sal’fbury cathedral con- 
fifts, is obferved gradually to become foftcr, and to 
moulder away in the air ; and Mr. Boyle gives the fame 
account of Biackington ftone. He adds, that air may 
have a confidcrable operation on vitriol, even when a 
ftrong fire could a6l no further upon it And he has 
found, that the fumes of a corrolive liquor work more 
fuddenly and manifeftly on a certain metal, wlun fuftained 
in the air, than the menftruum itfelf did, which emitted 
fumes on thofe parts of the metal which it covered ; 
referring to the efl’edls of the effluvia of vinegar 011 

COPPER. 

The diflblving power of air is increafed by heat, and by 
other caufes. It combines with water ; and, by accefs of 
cold, depofits part of the matter which was kept diflblved 
in it, by a greater degree of heat. Hence the water, by 
bcirg depofited and condendd upon any cold body, fuch 
as glafs, he, in windows, forms fogs, and becomes vifible. 
Air, likcwife, has been fuppofed, by means of its diffolving 
power, to accelerate evaporation and distillation. 

2. Air volatiAzes fixed bodies. Thus, fea-falt, being firft 
calcined, then fufed by the lire, and when fufed, expofed 
to the air to liquify ; when liquified fet to dry, and then 
fufed again, repeating the operation, will, by degree89 
be almoft wholly evaporated ; nothing but a little earth 
remaining. Helmont mentions it as an arcanum in che- 
miftry, to render fixed fait of tartar volatile ; but this is 
eafily affiifled by air alone : for, if fome of this fait be 
expofed to the air, in a place replete with acid vapours^ 
the fa|t draws the acid to itfelf, and when faturated with 
it, is volatile. 

3. Air alfo fixes volatile bodies* Thus, though fpirit 
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of nltref, or aquafortis, rcatliljr evaporates by the fire: 
yet if there be any putrefied urine near the place, the vo- 
latile ijilrit will be fixed, and fall down in form of aqua 

tECUNDA. 

4. Air brings many quiefeent bodies into aftion ; #. e. 
excites their latent powers. Thus, if an acid vapour be 
diffufed tlirough the air, all the bodies of which that is 
the proper menftruum, being diffolvcd by it, arc bitiught 
into a Hate proper for adlion. 

In the various operations of chemillry, air is a very nc- 
ceffary and important agent, the refult of particular pro- 
cefles depending on its prefence or abfence, on its being 
open or enclolcd. Thus the parts of animals and ve- 
getables can only be calcined in open air ; in clofc vcfTels 
they never become any other than black coals. And thefc 
operations arc cffcdlcd by the changes to which the air 
is liable. Many inftances might be alledged to this pur- 
pofe. Let it luffice to obferve, that it is very difficult 
to procure oil of fulphur, per campananu in a clear dry 
atmofphere ; but in thick moift air it may be obtained 
with greater eafe, and in larger quantities. So pure well- 
fermented wine, if it be carried to a place w^here the air 
Is replenifhed with the fumes of new wine, then fermenting, 
will begin to fennent afrefli. 

The changes in the air arife from various caufes, and 
are obfervame not only in its mechanical properties, fuch 
as gravity, denfity, &c. but in the ingredients that com- 
pofe it. Thus, at Fafhlun, in Sweden, noted for copper- 
mines, the mineral exhalations afFcft the air in fuch a man- 
ner, as to difcolour the filver coin in purfes ; and the fame 
effluvia change the colour of brafs. In Camiola, Cam- 
pania, &c. \^ere are mines of fulphur, the air fometimes 
becomes very unwholcfome, which occafions frequent epi- 
demic difeafes, See, 

The effluvia of animals alfo have their cfTcA in %"arying 
the air, as is evident in contagious direafes, plagues, murrains, 
and other mortalities, which are fpread by an infe^ed 

The fudden and fatal effe^ of noxious vapours has gene- 
rally been fuppofed to be principally, if not wholly, owing 
to the lofs and waftc of the vnufylng fplrli of air. But Dr. 
Hales attributes this effeft to the lofs of a confidcrable part 
of the air*s elaflicity^ and to the groifnefs and denfity of the 
vapours with which the air is charged. He found, by an 
experiment made on himfelf, that the lungs will not rift and 
dilate as ufual, when they draw in fuch noxious air, the 
clafticity of wliich has been conliderably diminifhed. For 
having made a bladder ver}’^ fupple by wetting it, and then 
cutting off fo much of the neck as would make a hole wide 
enougn to admit the biggefi end of a large foflet, to which 
fhe bladder was bound ; and then having blown the bladder, 
he put the fmall end of the fofiet into his mouth, and, at 
the fame time, pinched his noftrils fo clofe, that no air might 
pafs that way, and he could only breathe to and fro the air 
contained in the bladder, which, with the fofiet, contained 
feventy-four cubic inches. In lefs tha?i half a minute, he 
found a confiderable difficulty in breathing ; and at the end 
of a minute, the bladder was become fo flaccid, that he 
could not blow it above half full, with the greateil expira- 
tion wliich he could make ; and at the fame time, he could 
plainly perceive that his lungs were much fallen, in the fame 
manner as when we breathe out of them all the air we can 
at once. Hence he concluded, that a confiderable quantity 
of theelafticity of the air was deftroyed; andtfat when the 
fufibcatW Quality of the air was the greateft, it vrw with 
much dif&ulty that he could dilate his lungs in a very final] 
degree. From this, and feveral other experiments, he in- 
ferred, that the life of anknals is preferred rather by the 


elafllc force of the air afling on their lungs than hy its vivi- 
fying fpirit ; and that candles and matches ceafe to burn, 
after having been confined in a fmall quantity of air, not 
bccaufe they have rendered the air effete by confuming its 
vivUying fpirit, but bccaufe they have difcliarged a great 
quantity of acid fuliginous vapours, which partly dcflmy its 
elallicity, and retard the elallic motion of the remainder. 
He likev/ife found, that air, which pafled through cloths 
dipped in vinegar, could be breathed to and fro as long 
a^ain as the like quantity of air, which was ‘not thus pu- 
rified ; fo that fprinkling the decks of Aips with vinegar 
may rcfrefii the air ; and this is confirmed by experience. 
But where the corruption of the air is much greater, as ii^ 
clofe prifons, Sec, nothing can be an adequate and effectual 
remedy but a venticator. He obferved, likewife, that air 
is not difaiialified for refpii-ation merely by the additional 
moifiure which it receives, but by fome bad quality in that 
moiilure. See his Statical Lfiays, vol. i. p. 250. voL ii. p. 
320, &c. 

Dr. Prieftley obferves, that, when animals die upon be- 
ing put into air, in which other animals have died, after 
breathing in it as long as they could, it is plain that the 
caufe of their death is not the want of an^ pahulum 
which has been fuppofed to be contained in the air ; hut 
bccaufe the air is impregnated with fomething'ftimulating 
to their lungs ; for they almofi always die in convulfions, and 
are fometimes affe^Ied fo fuddcnly, that they arc irrecover- 
able after a fingle infpiration. And he has round the fame 
cffeA from many other kinds of noxious air. He concludes, 
from fubfequent experiments, that the air becomes phlo^- 
ilicated in its paflage through the lungs, by means of the 
blood. Experiments and Obfervations on Air, vol. i. p. 7 1 . 
vol. ii. p. 41 . vol. Hi. p. cc. See Azot, Blood, and 
Respiration. 

Vegetables likewife produce a change in the ftatc of the 
air. Thus w^hen a great part of the clove trees, which 
grow fo plentifully in the ifiand of Temate, was felled at 
the folicitation of the Dutch, in order to heighten the value 
of that fruit, fuch a change enfued in the air, as /hewed 
the falutary cffcfls of the effluvia, or rather of the vegetation 
of the clove-trees, and their blofibms ; the whole ifiand foon 
after they wcrecut down, being exceeding fickly. See Az or. 

The air is alfo liable to alterations from the feafon of the 
year. Thus few fubterraneous effluvia arc emitted in the 
winter, becaiife the pores arc locked up by the froft, or 
covered by fnow ; the fubterraneous heat being at work, 
and preparing a heat to be difeharged in the enfuing fpring. 
Again, from the winter folilicc to the fummer folnicc, the 
fun’s rays become more and more perpendicular, and confe- 
qucntly their impulfe on the earth’s furface more powerful ; 
fo that the glebe, or foil, is more and more relaxed, foftened, 
and putrefied, till he arrives at the tropic ; where, with the 
force of a chemical agent, he refolves the fuperficiul partf 
of the earth into tlicir conllitueut principles, water, oil, 
fait, &c, which are all fwept awa^^ into the atmofphere. 

The height and depth of the air produce a farther altera- 
tion ; tlie exhalations not rifing hi^i enough in any great 
quantity, to afeend above the tups of high mountains. 

From fome experiments with air-balloons, it has been 
proved, that the air of the higher regions is more impure 
than that at the furface of the earth ; which is reafonably 
aferibed to the oxygen fiipplied by vegetation to the lower 
and contiguous ftratum ot air. 

Nor mail drought and moifiure be denied their (hare, in 
varying the ftate of the atmofphere ; in Guinea, the heat, 
witn the moifiure, conduces fo much to putre&dioD^ that 
the pureH white fugars are often full of maggots ; and their 
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drufrs foot! lofe their virtue ; and many of them grow vermin. 
^11$ : it is addtdy that in the ifland of St. JagOi they arc 
obliged to expofe their fweet -meats daily to the fan, in order 
to exhale the moillure contrac'^ed in the night, which would 
otherrwife occafion them to putrefy. 

On tins principle depend the ftrufturc and life of the 

HYGROMETER. 

For the refraaiug power of air ; fee Refraction. 

After ail, foine of our more curious and penetrating na- 
turaliRs have obferved certain efftas of air, which do not 
appear to follow from any of the properties, or materials 
above recited. In th’s view, Mr. Boyle has compofed a trea- 
tife of fufpiciona about fome unknown properties of the air. 
i he phenomena of iirc and fl une in varno feem, according 
to him, to argue fome unknown vital fnbflance, difl'ufed 
through tlie air, on account of which that fluid becomes 
fo neceflary to the rnblKloncc of flame. Buribn fuppofes 
that air is neceflary to the fiibfiftencc of fire, bccanie it is 
moll adapted to acquire that expanfive motion, which is 
the principal pro perty of lire. On this account fire com- 
bines w'ith air ; in preference to any other fubifcance, and 
in a more intimate manner, as being of a nature moll near- 
ly approaching to its own ; and therefore air is the proper 
aliment and moll powcrlnl aflilhnt of fire. Hift. Nat. 
Sujip. vol. i. 

Accoiding to Dr. Prielllcy, the air is a menftnuim for 
the phlogiilon emitted by burning bodies; which mull ctafe 
to burn when that mcnlliuurn is faturaied with it. And he 
accounts in the fame inaniier for the fuflbeation of animals 
in a coniincd fpacc. When the phlogillon, emitted by 
burning bodies and breathing animals, can no longer be ab- 
forbed by theamb ent air, both life and flame are cxtingnifli- 
ed. Exp. and Obf. &c. vol. i. 

For the modern hypothefis, with regard to this fubjed, 
fee Combustion and Phlogiston. 

Thus wc And, that many caufts combine to produce very 
confiderable alteiations in the ilate of the airi whereby it 
becomes lefs fit for refpiration, and other purpofes of na- 
ture ; and if there were no provifion for relborin^ its falu- 
brity, it mull, in time, become uiiiverfally injurious and 
fatal. Dr. Prieillcy, in the courfe of his inquiri^ on this 
fubjcdl, has difeovered the great reilorativcsi which are pro- 
vided for this purpofe. One of thefe is vegetation. In 
order to afeertain this fact, he put a fprig of mint, in a 
vigorous ilate, under a glafs jar, inverted in water ; and he 
found, contrary to his expectation, that this plant not only 
continued to live, thougn in a languilhing way, for two 
months ; but that the confined air was fo little corrupted by 
the effluvia of the mint, that it would neither extinguifh a 
candle, nor kill a fmall animal, which he conveyed into it. 
He found, likewife, that air, vitiated by a candle left in it 
till it was burnt out, was perfectly rcitored to its quality 
of fupporting flame, after another fprig of mint had vege- 
tated in it for fome time. And, in order to fhew that the 
4 romatic flavour of the plant had no (hare in producing this 
eSe£l, he obferved, in a variety of other experiments, that 
vegetables of an offenflve fmell, and even fuch as had fcarce 
any fmell at all, but were of a quick gfowth, proved the 
beft for this purpofe. Nay, more, the virtue of growing 
vegetables was found to be an antidote to the baneful qua- 
lity of air, corrupted by animal refpiration and putrefac- 
tion ; and he infers from a number of fimilar fa£l89 that the 
injury, which is continually done to the atmofphere, by the 
refpiration of fo many animals, and the putrefadiqn of fuch 
maffes of both vegetable and animal matter, is, in nart at 
kail, repaired by the vegetable creation ; and notwithftand- 
ing the prodigious nuds of air that is corrupted daily by the 


above rrentioncd caufts ; yet, if we eonfidcr the immenfe 
profufion of vegetables upon the face of the earth, growing 
in places fuited to their nature, and confcqucntly at fuU 
liberty to exert all their powers, both inhaling and exhaling^ 
it ran hardly he thought, that the remtdy is not adequate 
to the evil. Dr. Franklin, in a rcflctlion on this difeovery, 
cxprcflcs his hope, that it will give (ome check to the rage 
of deftroying trees that grow near houfes, wliich has ac- 
companied our late improvementH in gardening, from an 
opinion of their being uinvholerome ; adding, from long 
obfervation, that there is nothing unhealthy in the air of 
woods ; “ fince the Americans have their country habita- 
tions in the midll of woods, and no people on e^rih enjoy 
better health, or are more prolific. Dr. lVi^^lley has fince 
difeovered that light is nccelfary to enable plants to purify 
air : however, pure air is not produced by light or plants, 
but only by the piiriHcation of the impure air to which 
the plants have accefs. Obf. and Exp. on Air, vol. v. p. i8, 
:»4, &c. 

The fca, and other large bodies of water, arc the fecond 
rpfourcc, which nature lias provided for reftoring the falii- 
Lrity of corrupted air. Dr. Prieftlcy found, that all kinds of 
noxious air were rellored by continued agitation in a trough 
of water ; the noxious effluvia being firll imbibed by the 
water, and thereby tranfmitted to the common atmofphere. 
And he hence concludes, that the agitation of the Tea, and 
of large lakes and rivers, mull be highly iifcfiil for the pu^* 
rifleatinn the atmofphere; the putrid matter being ab- 
forbed by the water, and imbibed by marine, and other aqua- 
tic plants, or applied to purpofes yet unknown. Exp. and 
Obf. vol. i. fe£l. 2. and 4. 

This ingenious philofopher apprehends, that the agitation 
of water, and the vegetation of plants, purify noxious air, 
by abforbing part of the phlogillon with which it is loaded i 
and that this phlogiilic matter is the molt elfeiitial part of 
the food and fupport of both vegetable and animal bodies. 
Ib. vol. i. p. 158, JJ9. 

Dr. PrielUey, improving upon the experiments and in- 
veftigations of il^yle, Hales, Brownrigg, Black, Mac^ride, 
Cavendilh, and others, has difeovered many fpecies of air,, 
extra^ed by various procclTee from different kinds of fub* 
ftanccs; of which a fummary account will be given in the 
courfe of this work. See alfo his curious and valuable Ex- 
periments and Obfervations on different Kinds of Air, in 
five volumes. And for a compendium of the hillory of dif- 
coveries on this fubjefl, Lavoificr’s Effays Phyfical and Che- 
mical, vol. i. 

For the refiflancc of the air, fee Resistance. 

Air, undulation of. Sec Sound and Undulation. 

Air, in Chtmijlr^^ See Gas. 

Air, Atmoffheric^ common air. Gas atmofpherique, Fr. 
Atmofpheric air does not appear to have been the fubje£l of 
chemical invelligation before the time of Boyle ; for though 
Arillotle, Pliny, and Paracelfus have written largely con- 
cerning this fluid, they have confined themfelves to the imper- 
fed examination of fome of its phyfical properties, to the 
mention of a few obvious fads, and to the invention of hypo- 
thefes, which, as they do not profefs to be founded on ex- 
periment, may, in the prefent Rate of knowledge, be fafely 
negleded. 

It was, indeed, natural, that the great improver of Otto 
Guericke’s original air-pump, fond as he was of chemical 
purfuits, fhould exercife nis talents in rtiearchcs on the pro- 
perties of the atmofphere, more efpectally as, from the 
number of fubftancet continually afluming the form of va- 
pour, it was not improbable that common air (hould prove 
a very heterogeneous and eafily decompolable mixture. The 
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difficulty, however, of fcparatinff, by the only method then 
known, a portion of air from tnc reft of the atmorphere, 
and the ncceflary uncertainty of the fiHl rude attempts to 
operate upon an invifible elaftic fubliance, occafioned the 
progrefs of difeovery in this department of chemical fcieuce 
to be unufually /low. The following fafts, however, were 
afeertained by Boyle, which, when we coiifidcr the nume- 
rous obftacles from bad and imperfeft apparatus that he 
had to contend with, are highly creditable to his induftry 
and fagacity. He proved, Uiat the prcfencc of air was 
ticcelTary to combuttion and to animal life, by (hewing, that 
in the exhaufted receiver dame was almoft immediately ex- 
tinguiihed, and various {mall animals, and even lifti, while 
in water, were in a (hort time killed : that the fame phe- 
nomena take place, but more gradually, in a confined por- 
tion of atmoipheric air ; and that the death of animals, in 
this lituation, was not owing to the heated exhalations from 
their bodies, as was then fuppofed, fuice the fame eftedts 
€ook place when the apparatus was put into a frigorific mix- 
ture : he alfo afeertained, that animals live longer, csrtens 
paribus^ in a given bulk of condenfed than of rarefied air. 
On account of the imperfection of his apparatus, he was 
induced to believe, that no abforption of air took place in 
refpiration ; and he appears to have had no fufpicion that 
pure atmofphcric air was a compound fubftance. 

Immediately after Boyle, fucceeded Mayow, unquefHon- 
ably the greateft chemical genius of that age, but whofe 
works, by a fingular fatality, excited little or no intercfl 
among his contemporaries, and were Toon totally forgotten. 
In tins ftate of unmerited negleCt they remained for more 
than a century ; and it is only within a very few jrcars, that 
the public attention has been direCled to the wntings of a 

f hilofopher, who nearly anticipated thofe difeoveries of 
^rieftley, Lavoifier, and Cavendifh, upon which are bafed 
almoft all the modem improvements in chemiftry. The 
lirft great improvement of Mayow in the analyiis of atmof- 
phenc air, was the invention of a proper apparatus ; for this 
purpofe, rejecting the ufe of the air-pump, he made choice 
of glafs jars, inverted in water, as the beft method of con- 
fining the gaffes upon %vhich he experimented. Setting 
out from the fadfs difeovered by Boyle, he argues, that 
fince a lighted candle is extinguifhed much fooner in an ex- 
haiiilcd receiver than in the fame when filled with air, there 
muft be fomething contained in the atmofphere neceftary to 
the continuance of flame ; and that a candle, in confined air. 
Is not fuffocated by its own fuliginous exhalations, but dies 
away for want of an aeiial pabulum. The neceffi^ of air 
to combuilion is alfo proved, fays he, from the impoflibiiity of 
kindling a combuftibie body in vacuo by the concentrated 
folar rays, or by any other method. Having eftablifhed this 
firft polition, he proceeds to infer, that it is not tlie whole 
air but only its more adtive particles, that are ci^ble of 
fupporting flame, becaufe a candle goes out in confined air, 
while yet the greateft part of the claftic fluid remains un- 
confumed. Alfo, fince fulphur, when mixed with nitre 
becomes capable of inflammation in vacuo, or even under 
water, it follows that nitre and atmofpherical air contain 
fome fubftance in common, which he calls Jire^atr parti- 
cles ( particuU igneo^arns,) He next detennined the ana- 
logy between flame and animal life ; and (hewed, that each 
depended for their continuance on a fupply of fire-air par- 
ticles : that there was an ad^ual confumption of air in com- 
buftion and refpiration he proved, by the rife of water in 
the jars in which a live animal or a lighted candle was in- 
clofed ; and that the lofs of bulk was owing to the abftrac- 
tion of fire-air, appeared from the inability of the refidue 
to fupport animal life. He alfo iofcrrcdi that the firt-atr 


particles were the heavieft part of atmofpheric air, becaufi^ 
if two mice or two candles were confined in a tall cylindrical 
jar, inverted in water, fo as that one (hould be near the 
upper part of the ve(fel, and the other at the bottom, the 
upper one, whether a candle or animsl, would be extinguifhed 
fome time before the lower one. With regard to the pro* 
portio|{ of fire-air in the atmofpliere, he omy obfcrvcd,'^hat 
air rendered unfit for combuftion by the breathing of an 
animal, loft about one fourteenth of its bulk ; at the fame 
time remarking, tliat there was probably only a part of the 
fire-air confumed: he after^vards, indeed, found, that the 
folution of iron in aquafortis occafioned a diminution of 
about 25 per cent, in atmofpheric air ; but though, in thia 
cafe, he produced nitrous gas, and tlius abftra^led tlie 
oxygen of the atmofphere, yet, as he himfelf draws no con- 
ciunons from it, we (hould rather confider this as an acci* 
dent than a difeovery. Mayow never obtained the fire-air 
of the atmofphere in a ft^arate ftate, and therefore was un- 
able to confirm his analyfis of atmofpheric air by the fynthe- 
tical proof ; neverthelcls, he was wananted by a very bigk 
robability in affinning that the atmofphere confifted of two 
inds of air, of which the igneo>aerial was in the propor*- 
tion of at lead one to 1 3 ; that it exceeded the other part 
in its fpecific gravity, and was abfolutcly cfifcntial to the 
continuance of name and animal life. The influence, how- 
ever, of the prevalent hvpothcfis was at that time too 
ttrong to be fhaken by fober experiment ; and the labours 
and very name of Mayow, fiiortly funk into oblivion : the 
atmofphere was Hill fuppofed to be an undccompofable ele- 
ment, and its ef£e^ on chemical procefTcs was very generally 
overlooked. 

In 1774, cxaftly a century after the publication of 
Mayow^s work, the important difeovery of dephlogifticated 
air, by Dr. Prieftley, took place. This philofopher having 
inclofcd fome mercurial precipitate per fcy in a jar filled with 
mercury, and inverted over the fame, procured from it, by 
means of heat, a quantity of gas, in which a can'dle burnt 
with an enlarged flame, and increafed light : tlie coincidence 
of this, with the effedt produced by dephhigilticatcd nitrous 

f as in the fame circumftances, as had been already obferved by 
)r. Prieftley, induced him to believe that there ivas fomS 
common principle in nitrous acid and atmofpherical air ; and 
this fufpicion was Hill further confirmed by the difeovery, 
that common red precipitate^ which is prepared by means of 
nitrous acid, yielded dephlogifticated air in the fame manner 
as the precipitate per fe. lienee, too, he concluded, that 
pure atmofpherical air was not an element, and that dephlo- 
gifticated air was that one of its component parts to which 
the continuance of flame and animal life was entirely owing. 
Thus we find, both Mayow and Prieftley arriving at the 
fame general conclufions, through the medium of entirely 
different experiments j the fire-air of the one, and the dc- 
phlogifticated air of the other, being only two words for 
the lame fubftance : the experiments of the latter pofTefs, 
however, this capital fuperiority, that they exhibit in a 
fepanite uncombmed ftate, that vital part of the atmuf- 
phcrc, the exiftcncc of which was only to be inferred from 
thofe of the former. There yet remained, however, for 
the complete proof of the compofition of the atmofphere^ 
that a part of it (hould be u£lually decompofed, fo as to 
(hew its elements feparated 5 and then, by their union, to 
recompofe atmufpherical air. This deficiency was fupplic 4 
by Lavoifier. He confined a few ounces of mercuty and i 
certain portion of atmofpherical air in a proper glafs appa* 
ratua, and expofed the mercury for 1 2 days to a brat nearly 
equal to that of ebullition ; during this period a part of the 
mercury was converted into a red oxydt a certain portion of 
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the air •difappeared, the remainder was incapable of fup- 
portini? and the weight of the red oxyd exaftly cor- 
refponded with the lofs fullai::cd by the mercury and the 
air ; this red oxyd, being then heated in a finall retort, wai 
dt'compofed into running mercury jind a gas which exhi* 
bited all the properties of dephlogillicnted air j finally, this 
air, b.ing mingled with the nnrtfpirable rcliduc) rveompof^d 
atmofpherica’ air. From tlufe and varioui other fimilar cx-» 
pcrimenis, it appeared, that the lower part of the atmo* 
Iphere confifts of 27 parts oxygen and 73 of a mephi- 
lie air, which, upon a further analy fis, yielded almut 72 parts 
of AZOTIC and one of carbonic acid, Thefe expe- 
fiments will be further detailed under tfie term eudio- 
METRY. 

From the flight adherence of thefe gafles with each other 
in the air, it is probable that they arc not fo much in a Hate 
of combination as of intimate mixture ; and hence there arc 
fcarccly any cheitiical aftions producul by the atmofphcre, 
which are not more properly refcrjble to fomc one or other 
of its conflituent parts. 

Atmofphcrical air, as'fuch, is folublc in water; from 
which it may be feparated by the a£lion of the air-pump, or 
by long boiling or difUlhtion ; hence fi(h, confined in frefh 
diftilled water, foon die for want of air : if, however, the water 
has been prcvioiifly expofed to the atmofphcre, a fufBcient 
port’on is abforbed to fupply the demands of thefe animals. 
In like manner water is folublc in air, but the proportion 
of this mull neccflarily vary according to the differences in 
temperature and barometric.^ prefluie. Boyle’s works, vo^ 
ii. Mayow, Traftatur, &c. Prictlley on Air. Lavcificr’s 
Elements. 

hx^,^ faBitious, While pneumatic chcmiflry was in its 
infancy, all thofe elallic fluids produced in chemical ex- 
periments, were dilliuguiflied by this appellation from the 


air of the atmofpheie; fince, however, thefe fadlitious 
airs have acquired peculiar names, the term has fallen into 
difufe. 

Air, acid. 

marine. 

Air, fixed. 

fixable. 

— MEPHITIC.3 

Air, vitriolic acid, See Sulphureous acid. 


See Muriatic acid. 


See Carbonic acid. 


ID. ) 


See Fluoric acid. 

marine. See Oxymuri- 


Air, fluoric acid. 

SPARRY acid. 

Air, DEPHLOGISTICATED 
ATIC ACID. 

Air, vegetable acid. See Acetous acid. 

Air, nitrous. See Nitrous gas. 

Air, DEPHLOGISTICATED NITROUS. ScC NlTROUS 


OXYD. 

Air, MEPHITIC ATMOSPHERICAL. 1 
— - PHLOGISTICATED. fSccAzOT. 

NITROGENOUS. J 


• See Oxygen. 


Air, VITAL. 

PURE. 

— FIRB. 

— — DEPHLOGISTICATED. 

Air, INFLAMMABLE. ScC HyDROGEN. 

Air, SULPHURATED INFLAMMABLE.) Sct HyDROCEH 

HEPATIC. j fulphuraUd. 

Air, HEAVY INFLAMMABLE. SeC HyDROGEN 
or Carbon, gtiffeous oxyd of. 

Air, alkaline. See Ammonia. 


For an account of Dr. Pricftlcy’s numerous experimenti 
and obfervations on thefe feveral fpecies of air, tne reader 
is referred to the excellent work already cited. 



Air-Gun 


or Wind-gun^ a machine which ferves to explode 
bullets, and other (hot, with great violence, by the expan* 
five force of the air. This fort of implement, charged witk 
air, has an effed fcCircely inferior to that of a common fire* 
arm charged with gun-powder ; but it difcharges itfelf with 
a much lefs report ; and St is this which prorably gave oc* 
cafion to the fable of white gun-powder. The fim account 
of an air-gun, that has been noticed, is found in the Eleroens 
d’Artillerie of David Rivaut, who was preceptor to Louta 
XIII* of France* He afcribes the invention to one Mariii^ 
a burgher of Lifieux, who prefented one to Henry IV. 

TIm common air-gun (PneumatUt^ Plate iii* 14.) 
is made of brafs, and has two barrels : the infide barrel K 
A of a fmall bore, from which the bullets are (hot, and a 


larger barrel £ C D R on the outfide of it. In the (lock 
of the gun there is a fyrin^e, S M N P, whofe rod M 
draws out to take in air, and pilion S N drives the air before 
it through the valve £ P into the cavity between the two 
barrels. The ball K is put down into its place in the fmall 
barrel with tlie rammer, as in another gun. There is another 
valve at S L, which, being opened by the trigger O, per* 
mits the air to come behind the bullet, fo as to drive it oat 
with great force. If this valve be opened and (hut fuddenly, 
one charge of condenftd air may make feveral difcharges of 
bullets ; becaufc only part of the injefied air will go out 
at a time ; and a new bulUt may be put into the place K| 
but if the v^bolf air be difeharged on a fingle bullet, the 

baD 
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k!l will be expelled more forcibl?. llils difoharge w cf- 
fe£led by means of a lock k I {Jg. 15.) placed here as in 
other guns ; for the trigger being pulled, the cock k will 
ro down, and drive a lever e, that will open the valve, and 
Jet in the air upon the bullet K. 

An air-gun of the moll modern and approved conflriiftlon 
is feprefenttd 16. A is the iron gun-biirrel, withihc 

lock, Hock, ram-rod, &c. of about the fize and weight of 
a common fowling-piece. Under the lock at 3 is a round 
fteel-tiibe, with a fmall moveable pin in the infide, which is 
puihed out by the fpring of the lock, uhen the trigger a 
IS pulled. ^ To this tube, is ferewed a hollow coppcr-ball, 
r, containing a fjfring-valve at its aperture ; and pcrfedly 
air-tight. Each g^m lias ufually two of thefc balls, which 
arc fully charged wdth condenfed air by means of the con- 
denfing fyringe B, Jig. 17. Having rammed down the 
leaden bullet into the barrel, and ferewed the copper ball 
home to the lock at by let the trigger, ay be pulled, and 
the pin at b will be forcibly and inftantly driven out againlt 
the valve in the ball, and wull thus liberate a portion of the 
coiidcnfcd air ; which, rufliing up througli an aperture in 
the lock into the barrel immediately bemre the ball, will 
impel it to the dillance of, at leaft, 60 or 70 yards. By 
rccocking the piece, another difeharge may be immediately 
made, and thus repeated 15 or 16 times, with a very fmall 
hilling noife, which at a dillance is not audible. The con- 
denfed air is forced into the ball by the following apparatus. 
*rhe ball, r, is ferewed to the brafs fyringe B Qig- i?-) 
quite clofe. In this fyringe is iida})ted a moveable piilon 
and itvin rod, ay at the end of which is a ilrong ring, into 
wliich is placed a llout iron rod, k h : upon this rod the feet 
are firmly placed, and the hands are applied to the wooden 
!»andii s, / i, fixed to the fyringe. By ilcadily moving the 
l)arrvl B, up and down on the rod ay ihc ball, r, will 
become charged with condenfed air ; and it is eafily known 
when it is filled to the utmoll by ihc irrefillible a^dipn which 
the air makes againft the piilon, when you are working the 
(yringe. At tlie end of the rod is ufually aji eight -fquare 
hole, which ferves as a key to make the ball tail on the 
ferewq by of the gun, and on the fyringe. The ftifton-n)d 
works air-tight by a collar of leathers on it, in tm* barrel, 
B ; and therefore, when the barrel is pulled up, frefli air 
will riifli in at the hole h ; w hen the barrel is piilfaed down, 
the air in it can only pafs into the ball at top| the barrel 
being drawn upwards, the operation is repeated, until the 
condenfation is io ftrong as to refill the action of the pifton. 

Dr. Macbride (Exper. EIT. p. 81.) mentions 4in improve- 
ment of the air-gun by Dr. Ellis, in which the chamber for 
containing the condenied air is not in the Hock, which makes 
the machine heavy and unwieldy, but has five or fix hollow 
fpheres belonging to it, of about three inches diameter, 
fitted to ferew on the lock of the gun. Thcfc fpheres are 
contrived with valves for confining the air, which is forced 
into their cavities, fo that a fervant can cany tliem ready- 
charged with condenfed air ; and thus the gun of this con- 
Hruftion is rendered as light and portable as one of the 
fmallcil fowling-piec'fes. 

The magazine atr-gun is an improvement of the common 
air-gun, invented by an ingenious artiH called h. Colbe. 
By nis contrivance ten bullets are fo lodged in a cavity, near 
the place of difeharge, that tliey may be drawn into the 
Ihooting barrel, and fuccefRvely lliot fo quickly, as to be 
nearly of the feme ufc with fo many diiferent guns ; the 
only motion required, when the air has been previoully 
mjcdled, being that of (hutting and openit^ the hammer, 
and cocking and pulling the trigger. In Jig. 1 8, is exhi- 
bited a fe£Uon of the gun, as large in every part as the gun 


itfcJf ; and fo much of its length is fhewn as is neccflkry 
to give a complete idea of the whole. A E E is part of 
the Hock 5 G is the end of the inje^lion fyringe, with its 
valve, H, opening into the cavity, F F F F, between the 
barrels. K K is tlie fmall or fiiooting barrel, which receives 
the bullets, one at a titiic, from the magazine, E D, which 
is a fcrpcntinc cavity, n herein the bullets, by by 3 cc. are 
lodged, and doled at llic end 1 ). Tlie circular part, S Iri Mi, 
is the key of acock, having a cylindrical hole, I K, through 
it, equal to the bore of tlie fmall barrel, and forming a part 
of it in the prefent fituation. When the lock is taken off, 
the fcveral parts, Q, R, T, S, W, &c. come into view, by 
means of whicli thcalfchargc is made, by pulhing up the 
pin, P^, which raifes and opens a valve, V, to let in the 
air aganiH the bullet, I, from the cavity, F F F; which valve 
is immediately Ihut down again by means of a long fpring 
of brafs, N N. This valve, V, being a conical piece of 
brafs, ground very true in the part which receives it, will 
of itielf be fufficient to confine the air. To make a dif- 
eharge, pull the trigger, Z Z, which throws up the feer, 
y xy and difengages it from the notch, x $ upon which the 
Hrong fpring, W W, moves the tumbler, T, to which the 
cook is fixed. The end, u, of this tumbler bears down the 
end Vy of the tumbling lever, R, which, by its other end, w, 
raifes the flat end, /, of the horizontal lever, O , by which 
means the pin, P;^, is pufhed up, and opening the valve, V, 
difchargen the bullet ; all which is evident from a bare view 
of the figure. 

To bring another bullet inflantly to fucceed I, there is a 
part H, railed the hammer, reprefented in ig. andjiT^. 20. 
which by a fquare hole goes upon the fquare end of 
the key of the cock, and turns it about fo as to place the 
cylindric bore of the key I /, in any fituation required. 

Thus, when the bullet is in the gun, the bore of the key 
coincides with that of the barrel K K ; but w'hen it is dif- 
charged, the hammer H is inflantly brought down to Ihut 
the pan of the gun ; by which motion the bore of the key 
is turned into the fituation iky fo as to coincide with the ori- 
fice of the magazine ; and upon lifting tlie gun upright, 
the ball next the key tumbles into its cavity, and falling 
behind two fmall fprings, / Jig* >8 hy them detained. 
Then opening tlie hammer again, the ball is brought into 
its proper place, near the dlfcharging valve, and the bore of 
the key again coincides with that of the fiiooting barrel. It 
appears how expeditious a method this is of charging and 
difeharging a gun ; and if the force of condenfed air was as 
great as that of gunpowder, fuch an air-gun would ac- 
tually aiifwer the end of many guns, and prove the bell de- 
fence againfl highwaymen or robbers ; becaufe, when there 
is tea foil to fufpeft them, they might then make five or fix 
difeharges before the robber can come within piflol-fliot. 

From the experiments of Mr. Robins, in nis New Prin- 
ciples of Gunnery, (See Mathem. Trails of Robins, by 
Wilfon, vol. i. p. 73.) it appears, that the force of gun- 
powder, at the moment of its explofion, is 1000 times 
greater than that of the claflicity of common air ; and, 
therefore, that the latter may produce the fame cffe6l with 
the former, its condenfatioa muH be 1000 times greater 
than that of its natural Hate. But as the velocities with 
wliich equal balls arc impelled arc diredly proportional 
to the fquare roots of the forces, the velocity witu which 
an air-gun, containing air condenfed only ten times, will 
projed a ball, will be '^^th of that arifing from guu-powder ; 
and if the air were condenfed 20 times, it would com- 
municate a velocity of fth of that of gun-powder. In 
the air-gun, however, the refervoir of condenfed air is 
commonly very large, in proportion to the tube which 
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contains the b;ilU and its denfity will be very little 
altered by expanding through that narrow tube 5 confe- 
qiiently the ball will be urged by nearly the fame uniform 
rorce with that of tixe firfl inftant : whereas the clailic fluid 
of inflamed gun -powder, bears a fmall proportion to the 
barrel of the gun, and by dilating from the frnall portion of 
it near the but-end into a comparatively large fpacc, its 
elaftic force will be proportionally weakened, and its a6^ion 
on the ball in the barrel will become gradually lefs and lefs. 
Hence it appears, that the air-gun will projed its ball with 
a much greater proportional degree of velocity than timt 
which is above Hated ; infomuch that air condenfe'd ten 
times will produce a velocity not much inferior to tliat 
arifiiig from the gun-powder. 

However, in tliis kind of gun, and in all cafes which re- 
quire a very conliderable condenfation of air, it will be re- 
quifite to have the fyringe of a fmall bore, v/s. not exceed- 
ing half an inch in diameter ; bccaufe the preflurc againft; 
every fqnare inch is about 15 pounds, and againll every cir- 
cular inch about 12 ^,^unds. Tf, tlicreforc, the fyringe be 
one inch in diameter, when one atmofphere is injected, there 
will be a refillance of 12 pounds agiiinll the piilon ; when 
two, of 24. pounds ; and wlien ten are injcd^cd, there will 
be a force of 120 pounds to overcome ; whereas ten atmof- 
pheres a6l againft the circular half inch pifton, whofc area 
is bill one-fourth part fo big, w ith a force but onc-fourth 
ns great, viz, pounds ; or 40 atmofphercs may be in- 
jeded \villi fiich a fyringe as well as tea with the other, 
iJefagulieiVs Exp. Phil. vol. ii. p. 398, See. Martin’s Pliil. 
Brit. vol. ii. p. 189, See. Adams’s Left, on Nat. and Exp. 
Phil, by Jones, vol. i. p. )I33. 

AiK-jacket^ a jacket of leather, furniflied with bags or 
bladders of thp fame material, inflated with air, and fervdng 
to buoy up the perfon w^ho wears it, and to prevent his 
finking in water, witliout any effort of fwimming. Thefc 
bags communicate with each other, and arc filled with air 
by means of a leathern pipe, having at the end of it a ftop- 
cock, accurately ground, fo as to admit the injefted air, 
and, when clofcd, to prevent its efcape. The jacket muft 
be w'ell moiftened with water before the bags are filled : 
otherwife the air will efcape through the pores of the lea- 
ther, 

Ax^-lmnpi a pneumatic machine, formed by the com- 
bination of inflammable air and eleiflricity, wdiich, by turn- 
ing a ftop-cock, produces a flame that may be reftrained or 
continued at pleafure. The contrivance of mathines of this 
fort was fuggelled bv the cxpeiimcnts of Mr, Volta, Dr. 
Ingenhouz, Sec. The air-lamp U t'ow conftru^ted in 
the following manner. A, ( P/nfr iii. Ptinnmlksy Jig. 21.) is 
a glafs jar for containing the inflammable air ; B, an open 
glafs urn, that contains water, by the }>refliirc of w'-hich the 
air is forced out of the jar A, through the brafs-pipe a ; 
C, is the ftop-cock, fo perforated, that the water may de- 
feend from B into A, and the air pafs out through the 
pipe a. By turning the hai of the ftop-cock to an hori- 
zontal pofition, the communic ition between the two veflels 
is clofed, and the paffage of tlie air obftnided ; and by 
turning it into a vertical pofition, the eoinuiunication is 
opened The lower jar, A, is fujiplied wltlt inflammable air 
by means of the bladder, {Jig* 22) ; and two Idaddei's of 
this kind accompany each lamp. It is ufed in the follow, 
ing manner : Take off the cover D, fmm the lamp, and 
turn the ftop-cock upw'ards ; then pour as much clear wa- 
ter into it as will fill the veflel, A, up to the pipe a ; itn- 
ferew this pipe, and in its (lead ferew the fmall brafs piece 
(Jg. 23.) and to this fci'tw o:\i of the ft op-cocks and blad- 
4 cf, (j^* 22*) With the bladder under one aim, one hand 


to the cock at C, and the other to that of the bladder, 
open the apertures and prefs the bladder at the fame riinc ; 
and thus tne air will be forced upon the water in A, and 
driven up the glafs pipe through the tube into B, with a 
bubbling noife. When the vcffel, A, h thus charged with 
air, the ftop-cocks are to be turned, fo as to cut off the 
communication with the external air. Care muft be take*# 
that the common atmofpheric air does not mix with the 
inflammable ; for if a mixture of thefe airs were fii'ed, the 
cxplofion would be grent and dangerous. 

The apparatus fm lighliug this lamp is of the elcflrical 
kind ; find it i« as follow-.. The mahogany bafts, E E, is 
a fort of box, about 12 ir.clu s fqiiare, and 5 inches deep ; 
and in this is placed an tlectrophoius, confifting of a reft- 
nou8 cake r, ami metallic plate //, which by ahiiige at iu 
back, admits of being pulled upwards and let down by the 
ftlkeu ftring b* conneileJ both with it and with the ftop- 
cock C. When this cake is once excited, its elcdirical 
effeilit upon the mclal plate will be continued for a long 
time. A metallic chain, G, com.miiuicates with a wire 
and ball e, pafling through a glafs tube below, iji the box 
over the plate, and above w’ith a fine wire pafling through a 
glafs tube. This upper wire is bent to about fth of an 
inch diftancf from the flame-pipe. It is evident that when 
the elei^lrojftiorus in the box is previoufly excited, and the 
ftop-cock, C, turned, the filken ftring, will raife the 
metallic plate ; and this will give an eleftric fpark to the 
hall and wire above, which will convey it inftantly to the 
flamc-})ipc, and inflame the air ifluing out of the pipe, in 
confequence of the preffure of the water in its defeent into 
the veflel A. The cock, C, being turned back, the flame 
ccafes ; and turned again, appears ; and will ferve to light 
a candle, match, &c. whenever it may be thought proper. 
The number of times in which light may be produced will 
be vciy great, and tvill depend on the quantity of the in- 
flammable air in the veflel A. If the cock is not turned 
back, the flame will continue till the w'holc of the inflam- 
mable air is con fumed. The light thus produced wiU be 
fufficient for reading a large print in the night, or feeing the 
hour by a watch. When the clc6Irophorus is to be excited, 
the lilkcn ftring, is unhooked from the plate, and the 
apparatus taken out of the box ; and the metallic plate is 
lifted up, w'hilft, writh a ftlken or dry cat-fkin rubber, you 
brilkly mb the furface of the reftnous cake. About 20 
revolutions in rubbing will be fufftcient, fo that the plate will 
give a fpark to the Knuckle about the diftance of an inch ; 
and by the ftrength of the fpark the degree of excitation is 
to be eilimatcd. The ftlken ftring and ftrftaU glafs tubes, 
through which the wire, G, paffes, fhould always be very 
dr)-, that the paffage of the dcftrical fpark may be quite 
perf'edl. Tiie whole length of this apparatus is about 22 
inches ; but it may be made of any (umenfions. Dr. In- 
genhouz ufed a fmall apparatus, conftm£Icd upon a ftmilar 
principle, in obtaining liglit for domeftic purpofes, both 
lien at home and oh his travels. Adams’s Le£Iurs by 
Jones, vol.ii. p. 99, Szc. 

AiK-^p’ipeSf a contrivance invented by Mr. Sutton, a 
brewer of London, for clearing the holds of fliips and 
other clofe places of their foul air. The principle imon 
which this contrivance is founded is well known. It is 
no other than the rarefying power of heat, which, by 
cauftng a diminution of tiie denfity of the air in one place, 
allows that which is in contadf with it to nifh in, and to 
be fiicceeded by a conftaot fupply from remoter partSf 
till the air becomes every where equally elaftic. If a 
tube, then, be laid in the well, hold, or any other part 
of a ihipi and the upper part of this tube be fufficiently 
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heated to rarefy the impending column of air, the equili- 
l)num will be maintained by the putrid air from the bottom 
of the tube* which being thus drawn out, will be fucceeded 
by a fupply of freih air from the other parts of the fhipj 
and by continuing the operation, the air will be changed in 
all parts of the (hip. Upon this principle, Mr. Sutton pro* 
pofed to purify the bad air of a (hip, by means of the fire 
ufed for the coppers, or boiling places, with which every 
(hip is provided. Under every fuch copper or boiler there 
are two holes feparated by a grate, one for the fire and the 
other for the aftiesi and there is alfo a flue, communicat- 
ing witii the fire-place, for the difeharge of the fmokc. 
The fire, after it is lighted, is prefervrd by the conftant 
draught of air through thele two holes and the due ; and if 
the two holes arc cTofed, the fire is extinguifhed. But 
when thefe arc clofed, if another hole communicating 
with any other airy place, and alfo with the fire, be opened, 
the fire will of courfe continue to burn. In order to clear 
the holds of the (hips of the bad Mr. Sutton propofed 
to clofc the two holes above mentioned, v/z, the fire-place 
and afli-place, with fubftantial iron doors, and to lay a 
copper or leaden pipe of fufficient fize from the hold into 
the afh-place, and thus to fupply a draught of air for feed- 
ing the fire ; a conltant difeharge of air from the hold will 
be thus obtained, and fredi air will be fupplied down the 
hatches, and by fuch other communications as are open into 
the hold. If other pipes are connected with this principal 
pipe,. communicating either with the wells or lower decks, 
the air that ferves to feed the fire will be drawn from fuch 
places. 

In large (hips, there is not only a copper, but a fire- 
grate, like thofe ufed in kitchens ; behind this grate an iron 
tube might be fixed, and inferted quite through the brick- 
work and through the deck, fo that one end of it might 
iland about a foot, or fonicwhat more, in the chimney above 
the brick-work, and the other made to enter into the hold 
or any other part of the (hip. When the upper end of this 
tube is heated, the draught of air will be fupplied from be- 
low, as in the other cafe. Mr. Sutton's pradticablc and 
ufeful contrivance was much oppofed at its firii propofal; and 
though his pipes were recommended by Dr.Meadaod Mr.W. 
Watlon, after feveral trials of their effect, they Were very 
(lowly introduced, and in procefs of lime very much ncglcded. 
Mr. Sutton, after couliderabic delay, and with no fmall diffi- 
culty, obtained a patent for his invention. 

wr. Watfon recommends the ufe of thefe pipes for the cir- 
culation of fre(h air in houfes, prifous, hofpitali, wells, See. 
And they have undoubtedly this obvious advantage, that by 
caufing the putrid and noxious air to pafs into the fire, they 
not only diffipate but defiroy it. Phil. Tranf. abr. vol. viii. 
p. 6a8. 630. Mead's Works, p..997 — 437 - 

For other inventions adapted to the fame purpofe, fee 
Aia-/rii»i| Billows, ^^/^Vluncs, Vehtilator, 

in^-w H B E L, and W I « 

Air*/iiiii/, a machine, by means of which the air may be 
exhaufied out of proper velTtls. 

The ufc and effcA of the atr-pamp is to make what we 
popularly call a vacuum f but this, in reality, isoply a degree 
of rarefaAion fufficient to fufpend the ordinary effects of the 
atmofphere. 

By this machine, therefore, we learn in fomc meafure, 
what our earth would be without an atmofphere ; and how 
much all vital, generative, nutritive, and alterative powers, 
depend upon it. a ^ • 

The principle on which the air-pump is conftruaed, is 
the elafiicify of the air ; as that on which tlic common, or 
water-pump is founded, is the gravity of the fame air. 


The ftrudure of the air-pump is, in itftif, more Ample 
even than that of the water-pump.— 'The latter fiippofes two 
principles, gravity and elafticity likewife : fo that the water« 
pump mud firll be an air-pump, 1. r. it muft rarefy the air 
before it can raife the water. — In water being a 

dormant unelaftic fluid, needs Tome external agent to make 
it afeend ; whereas air afeends in virtue of its own elaftic 
adiivity: its natural tendency is to feparate and leave a 
vacuum ; and all that remains for art is to prevent the am- 
bient air from fupplying the place of that which thus ipon- 
taneonfly cfcapes. To make water afeend, the mrce 
wherewith it is prefTcd downwards is either to be dimini(hed 
or increafed in one part moi-e than another ; like a balance 
in aqmlihnoy one of whofc fcales may be made to rife, either 
by diminifhing its own weight, or increafing that of the 
other ; the water, therefore, recedes from the common centre 
of gravity by the very power with which it tends towards it 
indire^ly or fccondarily applied ; becaufe, two fimilar cen- 
tripetal forces being made to ad contrary to each other, 
what in the one over-balances the other mull have the effed 
of a centrifugal force. — Whereas, the principle whereby air is 
rarefied or diminifhed, does not refped the centre of the earth, 
but the centres of its own particles ; being no other than a 
certain implanted power, whereby they immediately tend 
to recede from each other. 

The invention of this noble infirument, to which the 
prefent age is indebted for fo many fine difcoverics, is af- 
cribed to Otto de Guericke, the celebrated conful of Magde- 
burg, who exhibited his firii public experiments with it, 
before the emperor and the dates of Germany, at the break- 
ing up of the imperial diet at Ratifbon, in the year 1654 : 
but his defeription of the inllrument, and of the experiments 
performed with it, is contained in his Experimenta nova 
magdeburgica de Vacuo Spatio," and was not publi(hed be- 
fore the year 1672, at Amllerdam. 

Dr. Hooke and M. Duhamcl, indeed, aferibethe invention 
of it to Mr. Bovle ; but that ingenious author frankly Con- 
fedcB de Guericke to have been beforehand with him. In 
a letter which he wrote to his nephew, Lord Dung^rvan, 
at Paris, about two years after SchottU8*s book was pub« 
lilhed, he introduces the acknowledgment of his obligation, 
for the difeovery of this ufeful machine, to what he had 
heard of it, though he had not theu perufed it, by that 
well-applied padage of Pliny, heni^num eji at planum tnaenua 
pudorls fateri per quos profeccris^ Some attempts, he adures 
us, he had made upon the fame foundation, before be knew 
any thing of what had been done abroad : but the infor- 
mation & afterwards received from Schottus's Mechanic* 
Hydraiilico Pnriimatica, publi(hed in i<^7, wherein was an 
account of de Guericke's experiments, firft enabled him to 
bring his defign to any thing of maturity. From hence,, 
with the affiftance of Dr. Hooke, after two or three ua«- 
fuccefsful trials, arofe a new air-pump more tafy and ma- 
nageable than the German one ; and hence, or rather from 
the great variety of experiments that illuftriour author 
applied it to. the engine came to be denominated macUna- 
Boyiiaaaf and the vacuum produced Ixy it, vacuum Boj* 
lianum. 

Ai K^pttmpf firuBurc and ufe of thcm The bafis or edential 
part in the air-pump, is a metalline tube, anfwering to the 
barrel of a commoa pump, or fyringe ; having a valve at the 
bottom, opening upwards ; ana a moveable pi don or em- 
bolus, anfwering to the fucker of a pump, furnifhed hkewife 
with a valve gening upwards. The whole mufl he duly 
fitted to a veflel as a recipient or receiver. 

The reft being only circumftances chiefly refpe&ing 
conveniency, have bcfn diverfified and improved from timt; 
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to tim-?, according to the fcvcral views and addrefs of the 
makeis. 

Ill our further account of the air-pump, we flinll trace 
the various alterations it has undergone from the rude and 
i!!Coiivtnicnt conllrudion of Otto dc Guericke to its pre- 
fent impi-oved ftate. Guericke’s machine is exhibited in 
Plate iv. Pneumatics^ 24. It confilb of an iron threc- 
legged frame, abed /, fupporting a round iron plate, b Cf 
III the middle of which is inferted a brafs fyringe, g L The 
upper part of this fyringc is funiifhed with a rim of kad,^, 
{Jg, A.) ; and it is fallcned below by means of an iron ring, 
/ /, and three iron arm*;, 00 Oy to the kgs of the frame. 
Wilhin the liin y, tlieic is a brafs plate m i^fg* B.) cn- 
compaiTed by a ring of leatlur, and fixed by three ferevvs 
which tcnniintcs upwards in a fmall tube w, into which the 
pipe coniicdttd with the veffel to be txhaufled is inferted, 
ar* occafion rcquiivs, and to whVh, on the lower fide, is 
adapted a valve of katlier, tliroiigh which the air pafTes 
into the fyringe. In this plate there is alfo another fniall 
valve at opening upwards, tJirongh wdiich it efcapes. 
'I'liis plate is covered by a copper vtlfel, s .v, intended for 
containing water. The pilloii of the fyringe j-/», 24, 

and is coiincfted by a at /, witli the iron rod 

/ 7/, wliicli is fudwiied to the handle, nv uii ; and this moves 
round the pin at w, by wl ieh it is connec‘led with one of 
the legs of the flame. In order to prevent air from en- 
tering into the fyringe, a copper veflel of water is fufpended 
by h (>olvS to the arms, n, 0, f) that the lower part ol the 
fyringe at /’/•, and the piHon, may be always covered with 
WMter, when the machine ir. at woik. The receiver, L, is 
a ghiil; fplierc, adapted to a brafs cap, P P, wliieh has a 
pipe wdtli a ftop-cock, q r ; and this pipe is fitted to the 
lube, /7, above mentioned. From this brief deferiptioii of 
tlic machine, its operatioti will be eafily undcrfiood. When 
the pillon, / hi is depreffed, the air will be expanded in 
the fyringc, g />, and that of the receiver will defeeud into 
it through the v«ilve in the lower furfacc of the plate, m // ; but 
when the pilloii is elevated, and the air is comprefled, this 
vrdve fluitting upwards will clofc the pafTage to the receiver, 
and make its efcape throiigli the valve », wdiich opens up- 
wards. In order to render the exhauilion more complete, 
a fmall cxhaiilling fyringc is adapted to the plate, which is 
repreknte’d at /,v. See Guericke’s Fxper. Nov, Magdeb. 
Amd, 1672. lib. in. c, iv. .and v. p. 77. 

This machine, though it iiiigiit be deemed an excellent 
rtniiri ranee at the time of its invention, wdien the dov^rine 
of the clalticity and expanfion of the air was new, had 
many defciSls which it is hardly neceffary now to mention. 
The force necefi’ury for working it was very great, and tliC 
progrefs of its operation veiy flow. Befidcs, it w.t3 to be 
wrought under water, and it allowed of little change of 
fubje^b for experiments. Mr. Boyle, wliofe ideas of this 
machine, firft fuggefted to him by Scliottus’s report of 
Guericke’s conllcuflion, vv^cre executed by Dr. Hooke, 
whom he then employed as liis operator, removed fomc of 
thefe inconveniences and diininiflxed others. 

The form of Mr. Boyle’s air-pump appears in Plate iv. 
Pneumatics i Jig, 25. It confided of a fphcrieal receiver. A, 
with a round hole at the top, whofe diameter, B C, was 
about four inches ; this was covered with a plate, having a 
brafs rim, D E, which was firmly cemented to the ring of 
glafs that funoundvd the hole j and to the tapering orifice 
of the brafs rim was adapted a brafs ftopplc, F G, ground 
fo exadly as to exclude as much as poflible the adniiuioii of 
air. In the centre of the cover was a hole, H I, of about 
half an inch iu diameter, provided witli a iocket, to which 


the brafs ftopple, K, was fo fitted as to prevent the entrance 
of air ; and the lower part of this ftopple was perforated 
with a hole, througli which pafled the itring, 8, 9, 10, for 
the convenience of moving to and fro the uibjeds of expe- 
riments. To the neck of the receiver a iiop-cock, N, was 
faftened ; and to the fhank of the cock, X, a tin-plate, 
MTU W, was fo cemented as to preclude the admiflion of 
air. The lower part of this machine confided of a wooden 
fi*amc with three legs, i i i, and a tranfverfe board, 222, 
on wliich the pump reded. The cylinder of this pump was 
cad brafs ; and it was fitted with a fucker, 4 4, 5 5 ; of 
which one part, 44, was covered with (hoe-leather, fo as 
exaiEtly to fill the cavity of the cylinder ; and to tliis was 
fadened the other part, which was a thick and narrow plate 
of iron, 5 y, fomewhat longer than the cylinder, indented 
on one edge with narrow teeth, fo as to admit the corref- 
ponding teeth of a fmall iron nut, fadened by two dapks 
to the under fide of the tranfverfe board 2, 2, 2, on which 
the cylinder reds ; and this is turned to and fro by the 
handle, 7. The lad part of this cyliiidcr is the valve, R, con- 
fiding of a hole bored thi'ough at the top of the cylinder, 
fomewhat tapering towards the cavity ; into which hole is 
ground a tapering peg of brafs, to be thrud in and taken 
out at pkafure. In order to prevent more effeftually the 
adniiilion of air, and to prepare the fucker of the pump for 
motion, a quantity of fallad oil was poured in at the top of 
the receiver and al(b into the cylinder. The operator, having 
fixed the lower O, of ih*; dop-cock into the upper 

orifice of the cylinder, turns t!ic handle, and thus forces the 
fucker to the top of it, fo that no air may be left in its 
upper part. Tiiju flmtting the vaU-e wilh the plug, and 
turning the handle the other way, he d**aw5 down the fucker 
to the bottom of the t}hndcr, and ihin its cavity, irU> 
wliich no air is admitted, v.ili be in an cxlhinikd liate. By 
turning the dop-cock, and opening a paflage between the 
cylinder and the receiver, the air contained 111 the one will 
defeend into the other ; and Tais air being prevented from 
returning, by tuniiug bacd; the key of tin; Ilop-cock, will 
be made to open the valve and to efcape into the exteinal 
air by forcing the flicker to the lop of the cylinder ; by d- 
ternately moving the fucker upward and downward, turning 
tlic key and (lopping the valve, as occaiiou requires, the ex- 
huudion may be continued. See Boyle’s Works, by Birch, 
vol. i. p. 7 — 10. 

Mr. Boyle has drferibed a f.rond air-pump in the fird con- 
tinuation of his Piiyfieo-incch'inical experiments. See his 
works, vol. iii. p. i So. Tliis, like the lonncr, had only 
one barrel, by which the receive r was exliaulled ; but it was 
fo contrived as to be every wheie fuiTonndtd with water, 
that the ingrefs of air miglit be more cffeftuallv prevented. 
Belidcs, the receivers, \vhiw*h were cf fevcral forms and 
fizes, were fadened to an iron plate by means of a foft 
cement, fo that they could be removed and changed at 
plcafure. The interpolition of a moideneJ leather for fixing 
them, docs not feem at this time to have occuiTcd to him. 

Notwithitanding all the precautions of Mr. Boyle, and 
his contrivances for excluding .lir l>y oil and leather, he 
found that the working c.f his pump by a (ingle barrel was 
laborious, on account of the pre'rure of the atmof2>hei*e, a 
great part of whieii was to be removed at every elevation of 
the pidon, when the exlnndion was nearly completed : 
and ne himfclf candidly acknowledges, that it was rarely 
and with great difficulty, that he was able to produce any 
gi’eat degree of larefiuilion. Tliis ufcfid machine was gi*a- 
dually improved by Papin, Merfenne, Mariotte, and others ; 
but the mtrodudion of a fccond barrel and pidon was the 
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mncipal improvement u'hich it received about this period. 
To whom this was owing, it is not cafy to decide : fome 
aferibe it to Dr, Hooke, others to Papin, and others again 
to Haukfbee. An ei^ine of this kind, with a double 
tube, is deferibed by Mr. Boyle, in the fecond continuation 
of Phyfico-mcchanical Experiments, (works, vol. iv. p.510.) ; 
but the manner of working it, by means of a pulley and 
of iron ftirrups or trcddics, upon which the operator flood, 
muft have been extremely inconvenient. However, by the 
ufe of a fecond barrel and piflon, contrived to rife and fall 
alternately with the other, and by the introdu^ion of valves, 
which in this third air-pump of Mr. Boyle fupplied the 
place of the plug and (lop-cock which he had before ufed, 
as well as by the fubfequent improvements of Haukfbee, the 
preflure of the atmofphere on the defeending pillon always 
nearly balanced that of the afeendiug one ; fo that the 
winch which worked them up and down was cafily moved by 
a gentle force with one hand ; and the exhaullion was alfo 
made in much Icfs time. See Haiikfbec's Phyfico-Mecha. 
nical Experiments, p. i., &c. Mr. Vream, a pneumatic 
operator, employed by Dcfagnliers, made an improvement in 
Haukfbee^s air-pump, by reducing the alternate motion of 
the hand and winch to a circular one. In his method the 
winch is turned quite round, and yet the pillons are alter- 
nately raifed and depreffed ; by which the trouble of fhifting 
the hand backwards and forwards, as well as the lofs of 
time, and the (baking of the pump, are prevented. See De- 
fagulier’s Courfe of Exp. Philof. vol. ii. p. 378. For a brief 
account of the progreffivc improvements of the air-pump, 
fee Cote8*8 Hydroftatical and Pneumatical Ledlures, led. 
xii. p, 1^6, See. 

The ftrudure of the air-pump, thus improved, is repre- 
fented in Plate v. Pneumatics^ fg 33. It confifts of two 
brafs barrels or cylinders, a a, a tf, which communicate with 
each other by the ciiiern d ^/, and with the receiver 0000^ 
which is ground level at the bottom, and fet over a hole in 
the plate, by means of the bent pipe, h In thefe barrels 
the pillons, which arc fallencd fo tight that no air can 
between them and the barrels, are worked •>7 a toothed 
wheel, turned by the handle, b h ; and thus the racks, c r, 
with their pillons, arc worked alternately up and down. 
The gage tube, / /, is imnierfcd in a bafon of quickfilver w, 
at the bottom, and communicates with the receiver at the 
top ; from which it may be occalionally dilengaged by turn- 
ing a cock ; and n is another cock, by turning of which the 
.air is again let into the exhaulled receiver, patQng into it 
with a biffing noife. The adion of the toothed wheel and 
pillons is reprefented in fg. 34. 

As the handle is turned backwards, it raifesthe pillon d e, 
in the barrel B K, by means of the wheel E, and rack 
1 ) d : and as no air can get between the pillon and barrel, 
all the air above d h lifted up towards B, and a vacuum is 
made in the barrel from e to b ; upon which part of the air 
in the receiver by its fpring rulhes through the hole in the 
brafs plate of the pump along the pipe G G, communicat- 
ing wuth both barrels by the hollow trunk I H K,and pulh- 
ing up the valve enters into the vacant part b e, of the 
barrel B K. Then, as the handle, F, is turned forward, the 
pillon, d e, will be deprefled in the barrel ; and the air 
which had got into the barrel, finding no way of cfcapc 
through the clofcd valve will afeend through a hole in 
the piflon, and make its way into the external air through a 
valve at d ; and it will be prevented by that valve from re- 
turning into the barrel, when the piflon is again raifed. 
At the next elevation of the piflon, a vacuum is again made 
in the fame manner as before, between bdxAe; upon which 
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more of the air that was left in the receiver will get out by 
its fpring, and flow into the barrel, B K, through the 
valve b» The other piflon and barrel aft in the fame man* 
ncr ; and as the handle, F, is turned backwards and for- 
wards, it alternately raifes and depreffes the piflons in their 
barrels ; one being raifed whilfl the other is ueprefled. By 
ihus repealing the operation again and again, the’air in the 
receiver is at length rarefied to fuch a degree, that its den- 
fity docs not exceed the thin air remaining in the barrel when 
the piflon is raifed ; which done, the efieft of the air pump 
is at an end ; the valve cannot now be opened, or if it could, 
no air would pafs it ; there being a juft equilibrium between 
the air on each fide. 

To judge of the degree of exhaullion, there is added the 

E age-tuhe, / /, open at both ends, and about 34 inches 
affixed to a wooden ruler, which is divided 
into inches and parts of an inch, from the bottom where it 
is even with the quickfilver in the bafon, w, and continued 
to the top, a little below the plate of the air pump, to 30 
or 3 1 inches. Hence the air in the tube rarefying as faft as 
that in the receiver, in proportion as the cxhaiiftion ad- 
vances, the mercury will be raifed by the prefTure of the 
column of external air, prevailing over that of the column 
of air included ; till the column of air, and mercury together, 
become a balance to that of the external air. When the 
mercury is thus rifen to the fame height as it (lands in the 
barometer, which is indicated by the fcalc of inches added 
to the gage, the inftrument is a juft Torricellian tube ; and 
the vacuum may be concluded to be as perfeft as that in 
the upper end of the barometer. When the cock, n, is 
turned, fo as to make a communication with the external 
air ; this rulhes in and the mercury in the gage immediately 
fubfides into the bafon. Sec Gagk. 

In cllimating the gradual afeent of the quickfilver in the 
gage, it is evident that, as wc continue to pump, the mer- 
cury continues to afeend ; and that it approaches always 
more and more to the ftandard altitude, or about 2^\ inches, 
more or lefs according to the variety of fcafons. And it is 
eafy to prove, that the defect of the height of the quick- 
filver in the gage from the ftandard altitude is always pro- 
portionable to the quantity of air which remains in the re- 
ceiver ; that the altitude itftlf of the quickfilver in the gage 
is propfirtionable to the quantity of air which has been ex- 
hauiled from the receiver; and that theafctnt of the quickfil- 
ver, upon evtry turn of the pump, is propoitionabic to the 
quantity evacuated by each turn. Let it be confidcred, 
that the whole preflure of the atmofphei’«L upon the cif- 
tern of the gage is equal to, and may be balanced by, a 
column of quickfilver of the ftandard altitude ; confe- 
qucntly, when the quickfilver in the gage has not yet ar- 
lived to the ftandard altitude, the defeft mufl be fupplied 
by fome other equal force, and that force is the elaftic 
power of the air remaining in the receiver ; which com- 
municating with the upper part of the gage, hinders tlie 
quickfilver from afcendftig, as it would otherwife do, to 
the ftandard altitude. The elallicity of the air in the re- 
ceiver is then equivalent to the weight of the deficient 
quickfilver ; but the weight of this is proportionable to the 
(pace it fliould poflefs, or to the defeft 0/ the height of the 
quickfilver in the gage from the ftandard height 5 therefore 
the elallicity of the remaining air is alfo proportionable to 
the fame defeft. But the denfity of any portion of air is 
proportionable to its clafticity, and the quantity in this cafe 
IS proportionable to the denfity ; and therefore the quantity 
of air remaining in the receiver is proportionable to the defeft 
of th^ quickfilver in the gage trom its ftandard altitude. 
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ttcnce it foUowr,, that the quantity of :ur which w’as at firft 
ill the receiver before you began to pump, is proportionable 
to the whole llaiidard altitude ; and conlequently the differ- 
ence of this air, w’hich was at firft in tlic receiver, and that 
which remains after any certain number of turns, that is, 
the quantity of air exhaufted, is proportionable to the dif- 
ference of the ftandard altitude and the before-mentioned 
defeat, that is, to the altitude of the quickfilver in the gage 
after that number of turns. Hence again it appears, that 
the quantity of air exhaufted at every turn of tlie pump is 
proportionable to the afeent of the quickfilver upon each 
turn. See Cotes^s Hydroft, and Pneum. Leisures, Ic^l. 
13. Sec Gage. 

There are fevci’al inconveniencies attending air-pumps of 
the common form, though much improved from what they 
iifed to be formerly, and many attempts have been made to 
remedy them. It is a well-known fadl, that pumps merely 
ferve to rarefy the air to a confiderable degree, and that 
none of them can produce a complete exhauftion ; as the 
mercury in the gage is not raifed by any of them to tlie 
height which it occupies in the Toniccllian tube, when well 
purged of air. Few pumps will bring it wdtliin -j-\yth of an 
inch. Hauklbce’s, fitted up according to his own inllruc- 
tions, will fcldom bring it within -fth ; pumps wdth cocks 
of the beft conftru£Iion, and in the moft favourable cirttum- 
ftances, will bring it within ; but none with valves 
fitted up with wet leatlier, or to any part of which water 
or any volatile fluids have accefs, will bring it nearer than -J-lh. 
Before we proceed to give an abridged account of the im- 
provements tliat have been made in air^>umps, we obfen*e, 
that the air-pumps moft commonly uied are made cither 
with hrafb ftop-cocks, or with valves of oil-lkiii or of lea- 
ther, for preventing the retuin of the air into the receiver, 
out of which it had been exhaufted. Pumps with ftop- 
cocks, when well made and newly put together, are gene- 
rally found to rarefy llie air to a greater degiee than thofc 
which are made with valves j but after having been ufed for 
fome time, they become Icfs accurate than tliofe with valves. 
But the valves arc alfo imperfeft ; as tlie external air, pref- 
fing upon that in the piilon, prevents its riling, when the 
claftic force of the air in the receiver, under exhauftion, is 
much dimiuilhed. Attempts have been made, particularly 
by the abbe Nollcfaiid Mr. Gravefande, to perfefttbe coii- 
ftrudion of cocks. In Gnivefimdc’s double-banvlled pump, 
the cocks at the bottom of the pillons arc turned by an 
apparatus that is moved by the liandle of the pump : the 
pitlon has no valve, and the rod is connefted with it by a 
ftirrup, as in a common pump. This rod has a cylindric 
part, wdiich paffes through the ftirrup, and moves ftiffly in 
It through the fpace of about half an inch, between a 
flioulder above and a nut below. The ftirrup fuppoits a 
«)und plate, which has a fliort fquare tube, that lits tight 
into the hole of a piece of cork, and which has alfo a fquare 
fhank, that goes into the fquare tube. Between the plate 
and the cork is put a piece of thin leather, foaked in oil, 
and another is placed between the cork and the plate which 
forms the foie of the ftirrup* When the winch is turned to 
raife the pifton from the bottom of the barrel, the fridlion 
of the pifton againft the barrel keeps it in its place, and the 
rod is drawn up through the ftirrup. The wheel has thus 
liberty to turn about an inch ; and this is fuificient to turn 
the cock, fo as to cut off the communication with the ex- 
ternal air, and to open that with the receiver. When this 
is done, the continued motion ferves to raife up the pifton 
to the top of the barrel. When the winch is turned in the 
oppofitc direftion, the pifton remains fixed till the cock is 


turned, fo as to fliut the communication wdth the rtceiver I 
and open that with the external air. The cock has one 
perforation diamctncally tlirough it, and anotlur in a per- 
pendicular diredion to tnis ; and after reaching the centre. 
It paffes along the axis of the cock, and communicates with 
the open air. By this communication, when it is opened, 
the air rulhes in, and balances the preffure on the upper fide 
of the pifton in tliis barrel, fo that the preffure on the other 
mull be counteraClcd by the perfon wl*o works the pump. 
In order to obviate this inconvenience, Gravefande put a 
valve on tlie orifice of the cock, by tying over it a flip of 
wet bladder or oiled leather; and by means of this the pif- 
ton is preffed down, as long as the air in the barrel is rarer 
than the outward air, juft as if tlie valve was in the pifton 
itfelf. Gravefande, and alfo Mufehenbroek, extol the ope- 
ration of this pump, as exceeding that of pumps with 
valves. But it is evident that no prccifc eftimatc of its per- 
formance can be obtained, wdiillC the piftons, valves, and 
leathers of the pump are prepared by fteepin^ them in oil, 
and afterwards in a mixture of water and fpirits of wine. 
With this preparation the gage could not be brought within 
-Jth of an inch of the barometer. Befides, a conliderable 
Ipacc is left between the pifton and cock, from which the 
air is never expelled ; and if this be made very fmall, the 
pump muft be w^orked very flo\v’ly ; otherwife the air will 
not have time to diffufe itfelf from the receiver into the bar- 
rel, efpeciiilly wht n the expelling force or the elaftiexty of 
the air, towards the clofe of the operation, is vci*y fmall. 
The rarefaction will Kkewnic be retarded by tlie valve, wdiich 
will not open till the air below the pifton is conliderably 
denfer than tlie cxti rial air. The cocks in pumps of this 
kind a*’e fubjcCl to bcci)mc loofe by ufc, and to admit air ; 
an incon\enien(.e ul*icli might, indeed, be prevented by 
placing the bar»-ch in a difli filled with oil. For a figure and 
dcfciiption of Gravefaiidc^s pump, fee Gravcfandc’s Mathem. 
Klein, of Nut iin.l Phih)fcphy,byDefagulier8, vol. ii. p.14. 5fc. 
Thefc puinp.v;, if they were ever ufed in England, have been 
long fup^ rlt ded by the cheaper and mi're liinplc contrivance 
of valves, formed l»y tying a llrip of bladder over a fniKlfholc, 
through which the air is allowed to pafs in one direction only. 

Ill the year 1750, the ingenious Mr. Smenton dircA- 
ed his attention to the improvement of valve pumps. 
In coafidering tlie ftrudtiirc of thefc pumps, he obler- 
ved, that the principal caufes of their imperfeftioii are, 
partly, the difliculty of opening the valves at the bot- 
tom of tlie barrels, and, partly, tlic piflon’s not fitting ex- 
actly, when put down to the ooltom, which leaves a lodg- 
ment of air tnat is of had cffcA. The firft of thefe imper- 
fedlions is owing to the fmallnt fs of the common valves, 
wliich are made of a piece of thin bladder ftrctchcd over a 
hole generally much lefs than -y-oth of an inch in diameter, 
and to the adhefion of the bladder to the plate upon which 
it is fpread, by reafon of the oil or water with which it is 
moiftened : as the rarefadlion of the air in the receiver is 
continued by the operation of the pump, its fpring becomes 
fo weak, that it is not able to overcome the cohe^m of the 
bladder to the plate, the weight of the bladder, and the rc- 
fiftance occafioned by its being ftrctchcd. The lai^rer the 
hole is, over which the bladder is laid, a proportionably 
greater force is exerted upon it by tlie included air in oixlcr 
to lift it up ; and yet the aperture of the hole cannot be 
made very large, becaufc the preffure of the incumbent air 
would cither burft the valve, or fo far force it dotvn into 
the caviU' as to prevent its lying flat p-nd clofe upon the 
plate. In order to avoid thefc inconveniences, inftead of 
one hole, Mr. Smeaton makes rie of feven, all of eqaal 
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fixe and fliape, one being in ibc cctitrc, and the other fix 
round it, Co that the valve is fupported at proper diftances 
by a kind of grating, funned by the folid parts between 
thefe holes, and reft mbling a honeycomb ; and that the points 
'<>f conlad between the bladder and grating may be as few 
ns poifible, the holes arc hexagonal, and the partitions arc 
filed almoll t» an edge. The breadth of thefe hexagons is 
♦b^hs of an inch, and confequently the furface nine times 
larger than common ; and as the circumference is three 
times greater than that of the common valve, and the cohefion 
to be overcome is, in the firft moment of the air’s exerting 
its force, proportional to the circumference of the hole, the 
valve over any of thefe holes will be raifed with three times 
more cafe. Befidcs, the raifing of the valve over the centre- 
liole is aided on all Tides by thole that are placed round it ; and 
as they all contribute as much to raife the bladder over the 
centre hole, as the air immediately ading under it, the 
valve will be raifed with double the cafe already fuppufed, 
or with a fixth patt of the force commonly neceflary. After 
the bladder begins to rife, it will expofe a greater furface to 
the air underneath, which will catifc it to move more cafily. 

Tlie other defed in the common conftriidion would ftill 
hinder the rarefadion from being carried on beyond a certain 
degree. For as the pifton docs not fit fo clofely to the 
bottom of the barrel, as totally to exclude the air, this air, 
as the pillon rifes, w'ill expana itfelf ; and prefling upon the 
valves in proportion to its denfity, hinder the air within the 
receiver from coming out. Hence, if the vacancy were equal 
to fhe 150th part of the capacity of the whole barrel, no 
'^lir could pafs out of the receiver, when expanded 150 times, 
though the piflon were conflantly drawn to the top ; becaufe 
the air in the receiver would be in equilibrio with that in the 
barrel, when in its mofl expanded flate. In order to obviate 
this inconvenience, Mr. Smeaton (hue up the top of the 
barrel with a plate, having in the middle a collar of leathers, 
through which the cylindrical rod works that carries the 
pifton. The external air is thus prevented from prefling 
upon the pifton ; but for the difeharge of the air that pafles 
from below through the valve of the pifton, there ii a valve 
applied to the plate at the top, which opens upwaida. By 
this conftrudion, when the pifton is put down to the bottom 
of the cylinder, the air under it will evacuate itfelf (o much 
the more, as the valve of the pifton opens more eifily, when 
prelTed by the rarefied air above it, than when prtffed by 
the whole weight of the atmofphere ; and as the pifton may 
be made to fit as nearly to the top of the cylinder as it can 
to the bottom, the air may be rarefied as much above the 
pifton, as it could before have been in the receiver. Hence 
It follows, that the air may now be rarefied in the receiver 
in duplicate proportion of what it could be upon the com- 
mon principle. By this conftrudlion, the pump, confifting 
of a Tingle barrel, may be worked with more cafe than the 
common pump with two barrels, becaufe the prtffure of the 
outward air is taken off by the upper plate ; and when a 
confidcrablc degree of rarefadion is defircd, it will produce 
it more fpeedily. 

Mr, Smeaton has alfo contrived a new gage, w^hich mca- 
fures the expanfion with certainty, to much Icfs than the 
1 000th part of the whole* It confifts of a bulb of glafs, 
in fhape rcfembling a pear, and fufficient to hold about half 
a pound of quickfilver. It is open at one end, and the 
other is a tube hermetically fealed at top. A fcalc divided 
into parts of about -^th of an inch each, and anfwcring to 
a loooih part of the whole capacity, is annexed to it. This 
gage, dutitig the exhauftion of the receiver, is fiifpended in 
It by a flip-wire* When the pump is worked as much as is 
thought ncccflary, the gage is pulhed down, till the open 
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end is immerged in a cifterii of quickfilver placed tin ler. 
neath. 'rhe air being then let in, ihe quickfilver vi^ll 
be driven into the gage, till the air remaining in it becomes 
of the fame dcnfity with the external ; and as the airalwiiNM 
takes the higluft place, the tube being uppermoft, the ex- 
panfion will be determined by the number of divifions occu- 
pied by the air at the top. Sec Gaot. 

This ingenious artift has fuccecdcd fo well in his coi;* 
ilrudion of the air-pump, as to he able to rarefy air 
1000 times; whereas the heft of the conmiou air punijx'', 
efteemed good in their kind, and in complete order, tjc\(r 
rarefied it above 140 times. Mr. Sineatou’s air pninp 
alfo as a condenfing engine, by the very lunple ippaiatUb ot 
turning a cock ; fee Condenser. 'I'his air-pump h thi^ 
eafily made anuniverfal engine, for fliewing any clUt^ nrif«a,4 
from an alteration in the dcnfity or Ipring of the air ; ui l 
with a little addition may be made to flmvv the t xp« uru-uif. 
of the «/V-FouNTAiN, &c. Phil. Tiauf. sol. xlvii, 

.P-4i‘5~‘423.. 

A perfpeiibvc view' of the pnnti].al p.irts of this piunp 
is exhibited in Fiate VI. Pneumatics^ 45 . A ih ti»r 
barrel, B the eiftern, in w hich is iurlmled tlic cock, wuh 
fcveral joints, which are covered with water to keep tin tii 
air-tight ; and a little cock to let the waUr out of the cilU ni 
is marked 6. C r r is the triangular handle of the key of 
the cock, which, by the marks on its arms, fluw& how it 
muft be turned, that the pump may produce the cfrcCt de- 
fircd. D H is the pipe of communication between the 
cock and the receiver. E is the pipe that communicates 
between the cock and the valve, on tlic upper plate of the 
barrel. F is the upper plate of the pump which contains 
the collar of leathers rf, and V is the valve, which is covered 
by the piece f. G 1 is the fyphon-gage, wliicli is ferewrd 
on and off, and adapted to common purpofes. It confifts 
of a glafs-tube hermetically fculcd at r, and furnilhed with 
quickfilver in each leg, w'hich, before the pump begins to 
work, lies level in the line a b \ the fpace 1 c being filled 
with air of the common denfity. When the pump exhaufts, 
the air in ^ c expands, and the quickfilver in the oppofitc 
leg rifes, till it becomes a counterbalance to it. Its rife is 
lliewn upon the fcalc I e, by which the expanfion of the air 
in the receiver may be nearly eftimated. When the pump 
condenfes, the quickfilver rifes in the other leg, and the 
degree may be nearly judged of by the contraction of the 
air in ^ r ; marks being placed at J and i of the length of 
b c from r, which (hew when the receiver contains £>uble 
or treble its common quantity. K L is a ferew-frame to 
hold down the receiver in condenfing experiments, which 
takes off at oleafure, and is fufficient to hold down a re- 
ceiver, the diameter of whofc bafe is feven inches, when 
charged with a treble atmofphere ; in which cafe it aAs w ith 
a force of about 1200 pounds againft the fcrevv.fiame. M 
is a ferew that faftens a bolt, which Aides up and down in 
that leg, by means of which the machine is made to ftand 
fall on uneven ground. The ftrudure, connedtiiin, and re- 
lative ufes of the fevcral parts of this pump will be further 
perceived in the following account of Sineaton’t air-pump, 
conftrudled and improved by Mr. Nairne. 

A pcrfpcAivc view of it appears in Plate VL Pneu* 
maticsfji^, 46. A, A, are the two barirls of a Ample 
double-barrelled air-pump ; the tube q q conveys the air 
from the receiver placed in the pump-plate T, and the cock 
ferves to cut off the communication between the receiver 
and the barrels, A, A, when the exhauftion is completed. 
In the front of the pedeftal Z is a ferew, ferving to admit 
air iut6 the barrels, that the valves may not be pre (Ted after 
the cock Q^is turned ; the button i readmits air into the 
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receiver ; the fyphon-gage y is made in the ufual manner ; 
hut the eiftems x, x, prevent the gages from being dirtied 
by the oil, on the readmiflion of the air. The large barrel 
C has a folid plunger, worked by the rod R, which paffes 
through the collar of leathers u ; for the conllrudlion of 
which, as well as the internal llnifture of the barrel C, fee 
*/&• 47 * 

I'his is a vertical fe(flion of the barrel, &c. ; the top or 
cup IT ferews on to the ferew i/, and the cavity h is made 
conical ; the holes e, r, arc made jull large enough to let 
the pillon rod pafs freely ; the cavity h is Idled with circular 
grealed leathers, through tlic center of which a hole is 
made, that barely admits the piHon rod to pafs ; thefe 
leathers are crouded into /», and three or four thickneffes of 
them are left above the furtace, f ; and confequently, when 
the cup U is ferewed down, theie leathers arc forced into 
the fmaller part of the conical hollow h ; and therefore they 
bind as much or as little as is requilite on the pillon rod. 
The head a is ferewed with eight ferews on the upper 
Haunch or part of the barrel C ; the bottom B fcre^v8 on 
the lower flaunch or lower end of C ; the plug D is accu* 
rately ground into a conical hole in the bottom B and has 
the lever L ilauding at right angles. As the whole nicety 
of the cxhaiillion of this air-pump depends upon this part, 
it fhould be very particularly deferibed. The lever is re- 
prefented as Handing to the left hand ; and the hole 2 with 
Its valve 1 is feen in conne£lion with the pipe P, and confe- 
quently with the receiver 5 fee the horizontal fedlion L D 
r. But if the lever L is brought towards the word 
c LOS ED,'' the hole 2 with its valve I has moved onwards 
tow'ards D ; no hole is oppolite to the hole of P, and con- 
fcqucntly all communication between the receiver and the 
inude of the barrel C is cut off 5 but upon moving the lever 
L more towards the right hand, the hole 3 having no 
valve" will be in conne£lion with P, and confequently 
there will be a dire£l. or uninterrupted paflage between the 
receiver and the inhde of the barrel C. Upon attentively 
infpc6ling the fc^ion, it will be perceived by the direftions 
in which the valves open and clofc, and the pofition of the 
paflages which are drilled through the thicknefs of the 
barrel, that the afeent or defeent of the folid plunger N 
equally exliaulls the pipe P, and confequently the receiver. 
It mull be remarked, that the valves exhibited in the fe£lion 
are dniwn like lids of boxes, with joints for the purj)ofe of 
(hewing in what dircclion they open 5 but in reality the 
valves arc made of oiled lilk ; and as on the nice coiillrudlion 
of thefe the good adion of the pump much depends, the 
bell mode of making them will be iiludrated in the fe6\ion, 

A A, which (hews the plug D, on which the valve is to 
be fixed. In the full place, a groove muft be turned, of a 
convenient fizc, fo ns to leave a cylindrical knob F, whofe di- 
ameter may be four or live eighths, or more, of an inch ; the 
hole which the oiled filk valve is intended to cover, is made 
through the axis or center of this knob, as is fiiewn by the 
dotted lines II ; the ring G is to fit nicely into the groove, and 
to be fiulh w ith the general furfacc <if the hmls ; tl;e furface 
of the knob F mull be turned away about double the 
thickiu’frt of the oiled iilk for the pui jvjfc of piefervlug the 
oiled filk from injur)* by the pillon *s (Iriking it ; a (lip of 
oiled filk about the width of four limes the diameter of the 
hole, which it is to cover, mull be laid over the hole in the 
center of the knob F, and the ring G carcfuUy ])ut iu its 
place and there fixed by two or three ferews, f/V. B B 
(hews the conilru^lion of the referN’oir x x, 46.), for the 
purpofe of keeping the gages clean. The end of the gage 
G, for influnce, palTes through the bottom of tlie refervoir 
X, and reachcA nearly to the top ; and a piece of fiat 


or like an inverted tea-faucer, is fixed to the top of x, 

B B. The oil which comes from the pump through w is 
thrown on the back of the faucer, and running to its edges 
drops into the bottom part of the refervoir, and thus prevents 
any filth from getting into the tube G, 46. 

Having deferibed the particular parts of this pump, we 
(hall next explain the mode of working it, fo as to obtain the 
greateft degree of exhaudion. A receiver well ground and 
made dr)*, with oil put upoo its edge, is to be placed on the 
pump plate T, (^5^. 46.), over the aperture of the pipe P ; 
and the lever I, is to be moved fo as to Hand under tne word 
** VALVF." By working the piilon of the cylinder C up 
and down, from the top to the bottom, the receiver becomes 
partly exhaufted, and the mercury will rife from the ciflem 
M up into the tube of the barometer gage G ; the exhauftion 
mull be continued till it will rife no higher ; and turning the 
lever L under the word closed," the pidon mud be 
moved two or three times up and down ; let it then be left 
at the bottom of the barrel C ; move the lever L under the 
woids NO VALVE," and gently raife the pidon to the top 
of the barrel. As there is now a direct communication be- 
tween the receiver and the barrel C, without the intei-vention 
of a valve, the air will expand itfclf freely into the baiTcl, 
and the mercury of the gage will rife ; keeping the pidon 
at the top of the barrel, turn the lever again under the word 
** CLOSED," and repeat the operation as before ; unferew 
the receptacle for dirty oil O, and ferew in its place the 
complete fmall exhauding fyringe S ; work this a few times, 
and repeat the operation with the barrel and the lever L as 
before, till the mercury will rife no higher in the gage. 

By the procefs now deferibed, the exhaudion has been made 
fo perfedl, that when an open cidern barometer, fufpended in 
the room, has been On the rife, the mercury in the gage G has 
rifen within ii'ch as high. 

The double-barrelled air-pump A A being placed on the fame 
dand, and having a communication with the pump plate T, as 
well as the improved pump C, is intended for exhauding large 
receivers very cxpeditioiifly ; as both pumps maybe worked at 
the fame time; and more tfpecially for preventing the improved 
pump from being ufed for trifling experiments, or thofe where 
water is made uTc of. In the pump plate T arc two holes, 
fituated near each other, one communicating with the 
doublc-ban*ellcd, and the other with the improved pump, 
and ferving the purpofc of cutting off the communication 
of either with the receiver at plcafure. Indeed, when the 
double-barclled pump is only ufed, the hole of the pipe P, 
leading to the barrel C, fliould always be carefully liopped 
to prevent moidure of any kind from getting into it. 

Since the time of Mr. Smeaton the air-pump has received 
very material improvements; for which we arc indebted to tlic 
Rev, Mr. Prince, of Salem, in North-America; and to Mr, 
Cuthbertfon, late of Amderdam, and fince fettled in London. 

Mr. Smeaton's fuccefs in facilitating the opening of the 
valves, at the bottom of the barrel and in the pidon, led Mr. 
Prince to conceive, that if thefe valves were entirely re- 
moved, and the remaining air in the barrel could be more 
perfectly expelled, the rarefa^ion might be carried dill far- 
ther, Upon this plan he condiu^Icd his air-pump. He 
removed the lower valve, and opened the bottom of the 
barrel into a cidern on which it was placed, and which had 
a free communication with the receiver ; for the valve on the 
upper plate, at the top of the barrel, condrudled like Mr. 
Smeaton’s, made it vmneceifary that there (hould be tmy at 
the bottom, in order to rarefy the air in the receiver. The 
cidern was made deep enough to admit of the pidoii’s de- 
feeuding into it below the bottom of the barrel. It the 
pidou be folid, Uiat is, without a valve, when u enters the 
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barrel and rifca to ibe top-ptate, which is made air lijrht with 
a collar of leathers, like Smeaton’s, it forces out all the air 
above it; and as the air cannot return into the barrel on 
account of the valve in the top.plate, when the pifton 
defeends, there will be a vacuum between it and the plate ; 
evtry thing being fuppofed perfect. But in working the 
pump, the pidon is not allowed to defcciul entirely into the 
eiftern fo far as to leave the bottom of the barrel open ; but 
it defeends below a hole in the fide of the barrel near the 
bottom, which opens a free communication between the 
barrel, cillern, and receiver. Through this hole the air 
riifhes from the cidern into the exhaulkd barrel, when the 
pidon has dropped below it ; and by its next afeent this air 
is forced out as the other was before. If the capacity of 
the receiver, cidern, pipes, ficc. below the bottom of the 
barrel, taken together, be equal to the capacity of the 
barrel, half the remaining air will be expelled by every 
ilrokc. But as the working of this pump with a folid pidon 
would be laborious, on account of the refi (lance it would meet 
with in its dcfccnt from the air beneath, though it would 
be lefTencd by every droke as tlic air became more rarefied, 
Mr. Prince pierced three holes in the pidon at equal didances 
from each other, and by a circular piece of bladder, tied 
over the top of the pidon, formed a kind of valves over the 
holes, which opened with fufficient eafe to prevent any labour 
in wwking the pump, by allowing the air to pafs through 
the pidon in its defeent. The efcape of the air dots not, 
however, depend upon a pafl'agc through the pidon into the 
barrel ; for when the air, weakened by rarefadion, cannot 
open this valve, it will dill get into the barrel when the 
communication is opened by the hole at the bottom. This 
pidon will therefore defeend as cafily as any other, nor will 
the valves impede the rarefa^ion. By this condrudlion the 
valves, made to open with more cafe by Mr. Smeaton, are 
rendered unncceflary for rarefying the air ; and that at the 
bottom of the barrel is entirely removed; the valve on the 
top plate being the only one ncceffary in rarefying the air. 

Having fet afide the valves, which partly prevented the 
air from entering the barrel above the pidon, Mr. Prince's 
next attempt was to expel the air more perftdly out of the 
barrel than Mr. Smeaton had done, by making t better 
vacuum between the pidon and the top plate, fo lliat more 
of the air might be allowed to expand ilfclf into tlie barrel 
from the receiver. Mr. Prince alio contrived to connedt the 
valves on the top plate with the receiver occafioimlly by 
means of a pipe and oock, by the turning of which the 
machine niignt be made to exhaud or condenfe at plcafurc. 
In order to remove the prefTure of the atmoipherp from the 
valve on the top plate, fo that this valve might open as 
cafily as the pidon valve, he connefted with the dudl on the 
bottom piece, wliich conveys the air from tiie valves to the 
cock, a fmall pump of the fame conllruAion at the large 
one ; having the barrel opening into the cidern, the pidon 
rod, which is folid, moving through a collar of leathers, 
and a valve near tlie tm>, through which the air is forced 
into the atmofphcrc. This pump with one barrel is called 
the valve-pump ; its chief ulc being to rarefy the air above 
the valves, or to remove the weight of the atmofphcrc from 
them. When this valve pump is ufed, the paflage through 
the cock is (hut up ; and, therefore, indcad of placing three 
dufts at equal didanccs round the cock in the manner of 
Mr. Smcaton% Mr. Prince divided the whole into five equal 
parts, leaving the didance of one-fifth part between the 
duAs leading from the cidern and the valves to the cock, 
and two-fiftns between each of thefe and the one leading 
from the cock to the receiver. By this adjullment, when 
the communication is open between the receiver and the 
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valves for condenfation, the other hole through the cock 
opens the ciderns totheatmofphere ; but when the comnnii* 
nication is made between the ciderns and the receiver for 
exhaudion, a folid part of the key comes againd the duA 
leading to the valve, and (huts it up, and the air which is 
forced out of the barrel paffes through the atmofphere into 
the valve-pump ; for the valve of the fmall pump may be 
kept open while the great one is worked. 

Upon this condru6lion, tlie pump with two barrels may 
be made like the common pump, which cannot he conve* 
nicntly done wlicrc the lower valve is retained. In this pump 
the pidons do not move the whole length of the barrels ; an 
horizontal feflion being made in them a little more than half 
way from the bottom, where the top-plates arc inferted. 
The pump is thus made more convenient and Ample, as the 
head of it is brought down upon the top of the barrets in 
the fame manner as in the common air-pump. The barrels 
alfo dand upon the fame plane with the receiver plate, and 
this plane is raifed high enough to admit the common gage 
of 32 or 33 inches to dand under it without inconvenience 
in working the pump: as the winch moves through a Itfs 
portion of an arch at each droke than it would do if the pif- 
tons moved through the whole length of the barrels. 

A gage for meafuring the degree of condenfation having 
a free communication with the valve.s, cock, &c. is placed 
between the barrels in this pump ; and the gage is fo con- 
ftru^led that it will alfo ferve to meafure the rarefadion 
above the valves when the air is worked off by the valve- 
pump. It confids of a pcdedal, the die of which is made 
of gaafs, which forms a cidern (or the mercury, a hollow 
brais pillar, and glafs tube hermetically fealed at one end, 
which moves up and down in the pillar tlirough a collar of 
leathers. When the pump is ufed as a condenfer, the degree 
of condenfation is (hewn by a fcale marked on one edge of 
the pillar ; when it is ufed as an exhauder, the degree of 
rarefaction of the air above the valves is (liewn by a fcale on 
the other edge of the pillar. This gage will alfo (hew, when 
the valves have done playing, cither with the weight of the 
atmofphcrc on them or taken off, in the manner which the 
author has deferibed. The degree of condenfation may be alfo 
meafured by the number of Krokes of the winch. For the 
purpofes of great condenfation, Mr. Prince has fitted a con- 
denfer of a finaller bore than the barrel of the great pump 
to the cidern of the valve-pump, to be ferewed on occa- 
fionally. Or, without this condenfer, the valve-pump may 
be adapted to the purpofe by being made a little larger, and 
by having a plate maac to ferew into the bottom of the cy- 
linder, with a valve on it opening into the cidern ; a hole 
mud he made to be opened on the fame occafion near the 
top of the cylinder, to let air in below the pidon when this 
is drawn up above it. 

The common gage, wdiich is generally placed under the 
receiver-plate, is placed in the front of this pump, that it 
may be lecii by the perfon who works it, and that the plate 
may be left free for other ufes. The plate is fo fix-d to the 
pipe leading to the cock, that it may be taken off at pita- 
lure, and ufed as a transferrer ; and it may alfo ferve for 
other purpofes. 

The head of this pump is made whole, except a fmall 
piece on the back, where the wheel is let in ; and the wheel 
18 freed from the pidon-rods by pu(hing it into the back part 
of the head, and it is kept in its place by a button ferewed 
into the focket of the axis behind. By this apparatus the 
pidon-rods are diflodged from the wheel, and let down into 
the ciderns, when the pump is not ufed; and in thefe ciderns 
they nuiy alfo have the advantage of being covered with oil. 
The principal joints of this pump are funk into fockets, that 
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t)ic leathers which clofe them may be covered with oil to 
prevent leaking. The lower part oF the pump is fitted with 
drawers to contain the iiccefTary apparatus. 

A perfpe6iive view of a double-liarrelled pump, made by 
ISfr. Jones, according to the conllruAion of Mr. Pnnee, 
iiKiy be feen in Plate v\u Pneumatics ^ fg, A, A, are 
two brafs barrels in which the piftons move ; the barrels 
communicate with the receiver placed on the pump by means 
of the pipe B C, and canal 1 ) E ; the rods of the piftons 
arc feen at F, G ; each of thefe is conned^ed with a rack or 
piece having teeth on one fide. At I tlierc is a wheel, 
wliofe teeth are laid hold of by thofe of the rack ; fo tliat 
by turning the handle H the piftons are alteniately raifed or 
deprefled, and the air is exhaufted out of the receiver K L, 
the tube B C, and the canal D E, which communicate 
w'ith one another. At the top of each bari'cl is a plate, ou 
which is a box m n, containing a collar of leathers ; through 
this the cylindrical part of the pifton rod moves, air-tight ; 
o 0 is the place of the valve on the top plate, into which a 
pipe is foldered that conveys the air from the valves to the 
dudl, pafiing under the vaU e-pump P, which is defigned for 
preventing the prefTure of the atmofphere from adding on the 
valve of the top plate. Qjts the pifton rod of this pump, 
and R the handle by which it is worked. Y is a cock to 
cut off occafionally the communication between the receiver 
and the working parts of the pump. At S is a ferew, 
which clofcs the orifice of the canal D E, by unferewing 
which the air may be admitted when required. Z is an oii- 
vcfTcl for receiving the oil driven over by the adlion of the 
pump ; and there ftiould be always a fmall quantity of oil in 
the cups of the boxes iw, n, that hold the collar of leathers 
through which the pifton rods move ; a tc is the barometer- 
gage ; d e the box or ciftern containing the mercuiy ; and 
there is a divided box-fcale affixed to the tube, for afeertain- 
ing the rife or fall of the mercury ; a fmall ivory tube cn- 
compafTcs the lower end of the glafs tube, and noats upon 
the quickfilver in the ciftern ; the upper end of this is 
always to be brought to coincide with the lower divifion of 
the box fcale, by means of the ferew under the ciftern ; and 
when it thus coincides, the divilions on the fcale give the 
true diftance from the furfacc of the mcrcui7 ^be bafon. 
The key f ferves for tightening or loofening the ferews of 
the pump. When either pifton is down, in the operation of 
this pump, there is a free communication from the receiver 
through the tubes and the canal to the part of the baircl 
above the pifton ; when the pifton rifes, it forces out the air 
above it through the valve in the top plate ; and as this 
valve prevents the air from returning into the barrel, w^hen 
the pifton defeends, a vacuum is formed between it and the 
under fnrface of the top plate^ as foon, therefore, as the pifton 
has defeended below the holes communicating, by the tuhe^ 
and pipe, with the receiver, the air nifties into the exhaufted 
barrel ; oji the next afeent of the pifton, this air is forced 
out as before. To prevent the pifton from meeting any re- 
fiftance in its defeent, there is^a valve in it through which 
the air paiTes as the pifton defeends ; but the air docs not 
neceftarily depend upon a paftage through the pifton in order 
to get into barrel. By tliefc means the pifton defeends 
as eafily as in any other conftruAion, while the valve in it 
does not impede the rarefaftion. The valve pump P is, as 
we have ooferved, ufed for taking off the prelTure of the 
atmofiphere from the valve on the top plate of the pump, 
and for forming a more jjerfe^ vacuum between this plate 
and the pifton, that nothing may prevent this inftrument 
from exhaufting as far as its expanfive power will admit. 
The barometer gage ah fervinetomeauire theexhauftion 
of the receiver, co^fts of a tube, mvided by an annexed fcale 


of inches and fraftional parts of an inch, whofe higher orifice 
communicates with the receiver, and the lower is immcjftd 
in a ciftern of mercury. Before any exhauftion has taken 
place the mercury in the tube and ciftern is upon the fame 
level ; and after any number of turns of the handle of the 
pump, the air in tne tube and receiver is equally rarefied, 
and the mercur)^ w'ill afeend in the tube till the weight of the 
column above the furfacc of tliat in the ciftcni, and elafticity 
of the air in the receiver, taken together, be equivalent to 
the weight of the atmofphere ; and if the altitude of the 
column is equal to the ftanrUrd altitude, the vacuum in the 
receiver, and that above the mercury in the barometer, are 
the fame. For an account of the fyphoit-gagc, occafionaUy 
fubftituted for the barometer gage, and the pear gage ; fee 
Gacp. 

In a contrivance, fuggefted by an ingenious workman of 
the late Mr. Adams, and annexed to the pumps conilru^led 
by' Mr. Jones, one of tlie lower flexible oil-ikms, or leather 
valves in the two bamls, is attached to a brafs ring, which 
is allowed an interval of motion of ^^th of an inch ; a long 
wurc is fixed to a bar over the diameter of the ring, which 
wire paffes along the body of the pifton and rod through a 
collar of leathers in the pifton. By the friction of thefe 
leathers upon the rod, as they move up and down, the lower 
valve is occafionally raifed and deprelfed ; and thus a com- 
munication is opened with the barrel and receiver, and of 
courfe the exhauftion is carried to as great a degree as the 
nature of the air itfelf appears to admit. By a comparifon 
of the height of the mercury in a good barometer tube, Mr. 
Jones did not obferve the ^*^thof an inch difterence between 
this and that of the barometer gage to the pump ; andcon- 
fequently the rarefadion was about 1200 times; and hence 
he concludes that it was equal in power to that of Mr. 
Cuthbertfon or any pump whatever. 

We (hall now deferibe more minutely the parts of which 
Mr. Princess improved air-pump contifts. Fig. 49. Plate 
vii. reprefents a perpendicular fedion of one of the ban*els, 
the two cillcrns, condenfing gage, &c. ; where A B is the 
baiTcl, C D is the ciftern on which it (lands, a a a a the 
leathered joint, funk into a focket, and buried in oil ; E F is 
the pifton, with the cylindric'al rod pufling through a collar 
of leathers, G G, in the box HI. K /news the place of 
the valve on the top plate K, covered by the crofs piece M 
M, into which is foldered the pipe O O, that conveys the air 
from the valves to the dud going under the valve pump, as 
may be ’feen in Jig, 51 . ; 0 is part of the faid dud ; p is the 
joint funk into a focket in the crofs piece P P, which con- 
neds the cifterns, and has a dud through it leading to 
them. Into this dud open the duds q and r, the firft 
leading to the gage in front of the pump, and the other to 
the c<H*k and receiver. The other barrel is left out of tlie 
figure, except Q, which is the top of it brought dow'a 
out of its place for the purpofc of (hewing the top plate 
that (huts up tlic barrel, feparated from tiie box, which 
contains the collar of leatliei-s. S is one of the holes in the 
plate over which the valve lies, and which is covered by R 
in the crofs piece. V V is the pifton (liewing the valve open 
on the top, which is to prevent labour when the pump con- 
denfes. WX in the ciftern, in which is more diftindfy feen 
the (boulder for the leather, which clofes the point between 
this and the barrel, and alfo the focket in which the oil lies 
over the leather. Y Z is the condenfing gage, with the 
orifice of the tube raifed above the furfacc of the quick- 
filver ; e # fs the collar of leathers, through which the glafs 
tube moves ; and i is a fmall pipe coming up through the 

a uickfilver to form a communication between the valves and 
In fi* 5 ^* the upper furfacc of the top 
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plate which clofes the barrel, being foldercd into it, ihewing 
the place of the valves over the three fmall holes. Ftg* 51 it a 
perpendicular fcdlion of the bottom-piece, pipes, valve-pump, 
cock, &c. at right anglcft with the other fef^ion, /jy. 49. The 
button 0 is ferewed here into the top inftcad of the gage. 
C D is the vnlve-pump and ciftern, e the place of the valve, 
under the cup ; E F the cock, fhevving the du6t through it 
leading to the atmofphcre ; G H the pipe leading from it to 
the ftem of the receiver plate, in which is the cock I, to 
ihut up the duct when the plate is iifc-d as a transferrer. K 
Iv is the plate ; L a piece to fhut up the hole, into which 
tubes, &c. are oecafionally ferewed to perform experiments 
without removing the plate. The dotted line at O (hews 
the place of the ferew which prefl'es the plate againll the 
pipe ; P Qjthe pipe and common gage Handing in front of 
the pump. Fig, 52 is a horizontal Teaion of the cock, and 
pieces containing the dud^s leading from it to the receiver, 
the ciHcrns and the valves on the top of the barrels ; A B 
the duft, conneding the cifterns together ; C D the duft 
leading from the cifterns to the cock ; G H the dud leading 
from the cock through the pipe A B ffig, j i .) to the valves ; 
D E the dii£l through the cock, which occaftonally con- 
neds the two lall mentioned duds with the dud E F, 
leading from tlie cock to the receiver ; I the dud in the 
cock leading to t!:e atmofphere, which, wdicn conneded 
with the dud at D, lets the air into the cifterns and ban-cls* 
lor condcnfalion ; the other dud through the cock at the 
fame time conneding H and E. This dud alfo, when con- 
neded with E, reft ores the equilibrium in the receiver. K 
E is part of the dud leading from the cifterns to the gage. 
The dotted circles (hew the places of the pipe and valve- 
pump on the piece, and r the place where the air enters the 
valve-pump from the dud G H, and is throwm into the at- 
ixiofpherc when the pump exhautts. Fig, (hews the 
under furface of the boxes which contain the collars of 
leathers with the crofs pitce which conneds them together, 
having a dud through it, as reprefented by the dotted line, 
through which the air pafles from the valves into the pipe. 
This tigure ia chiefly dcTigiied to flicv/ the places in which 
the valves play, as at I. American Tran fa vol. i. 

Bofton, 1785. Nicholfon's Journal, vol. i. p. 121 — 128. 
Adams’s Lectures 011 Nat. and Exp. Philof. by Jones, vol. i. 
p. 51 — 54, p- 153. 

The air-pump of Mr. Cuthbertfon is fo cxcAlent in its 
firudure, and fo powerful in its cfiVCl, that it claims parti- 
cular notice and defeription. A perfpedivc view of it 
appears in PlateVlll, Pneumatics^ Jig, ^6. It# tw’o prin- 
cipal gages arc ferewed into their places ; but thefe need 
not be uftd together, except in cafes where tlic utmoft cx- 
adnefs is required. In common experiments, either of them 
may be taken away, and a ftop-ferew put into its place. 
When the pear-gage is ufed, a fmall round plate, large 
enough for the receiver to ftand upon, muft firft be ferewed 
into a hole at A ; but when this gage is not ufed, this hole 
muft be clofed with a ftop-ferew. When all thefe gages arc 
ufed, and the receiver is exhaufted, the ftop-ferew B, at the 
bottom of the pump, muft be unferewed, to admit the air 
into the receiver ; but when the gages are not all ufed, the 
ftop-ferew at A, or either of the other two which arc in 
the place of the gages, may be unferewed for this purpofe. 
In Jg, 57, C D reprefents one of the barrels of the pump, 
F the collar of leatners, G a hollow cylindrical vcITcl to con- 
tain oil i R is alfo an oil-veflel, which receives the oil that 
is driven with the air through the hole a when the pifton 
is drawn upwards ; and when this is full, the oil is carried 
over with the air along the tube T, into the oil vcffel G : 

is a wire which is driven upwards from the hole a by 
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the palfagc of the air ; and as foon as this has c&apcd, falls 
down again by its own weight, (huts up the hole, and pre- 
vents any air from returning by that way into the barrel ; 
atr/// are fixed two pieces of brafs,' to keep the wire cc in 
fuch a diredion as may preferve tlic hole air-tight. H it a 
cylindrical wire, which carries the pifton I, and is made 
hollow to receive a long wire, q that opens and clofcs the 
hole L, whicli forms the communication with the receiver 
(landing on the plate; m is part of a pipe, one end of 
which IS ferewed into the w'lrcqq^ that opens, and (huts 
the hole L ; and upon the other end, O, is fcrewed a nut, 
which, (lopping in the fmaller part of the hole, prcvcnla 
the wire from being lifted too high. This wire and ferew 
arc more clearly feen in Jg, 58, and fg, 62 : they Aide 
through a collar of leathers, r r,/g. «;8, and fg. 61 ^ in the 
middle piece of the pifton. Figures Co and Or arc the two 
main parts which compofe the pifton ; and when the pieces 
in fgures 59 and 62 arc added to it, the whole is rcpic 
fented by fg, 58. Fig. 61 is a piece of brafs, turned in a 
conical form, with a (houlder or ledge at the bottom; a 
long fcmalc-fcrcw is cut into it, about two thirds of its 
length : and the remaining part of the hole, in which there 
is no ferew, is about the fame diameter as the ferew part, 
except a thin plate at the end, which is of a breadth exaAIy 
equal to the thicknefs of q q. That part of the infide of 
the conical piece of brafs, in which no thread is cut, is filled 
with oiled leathers with holes in them, through which qq 
can Aide air-tight ; there is alfo a malc-fcrcw with a hole in 
it, which is fitted to q y, and ferves to prefs down the lea- 
thers rr. In^. €0^ a aaaU the outfidc of the pifton, the 
ipfide of which is turned cxaAly to fit the outfidc ofj^. 61 ; 
b b are round leathers, about 60 in number ; r r js a circular 
plate of brafs, of the fize of the leathers ; and ^ 4/ is a 
icrcw, which ferves to prefs them down as tight as is ncccf- 
fary. The male ferew, at the end of fg, 59, is made to fit 
the female ferew in fg. 61 . l^fg. 62 be pufticd into fg. 61^ 
this inlofg. 60, and/^. 59 ferewed into the end of fg,6i^ 
thefe will compofe the whole pifton, as reprefented by^. 58. 
H, in fg, 57, reprefents the fame pait as H in fg.i% and 
is that to which the rack is fixed. If this, therefore, be 
drawn upwards, it will make fg. 61 Aiut dofc into fg. 6 c, 
and drive out the air above it; and when it is pii(hcd down- 
wards, it will open as far as the Aiouldcrs a a {fig. 60.) will 
allow, and fuffer the air to pafs through, A A {fig. 63.) 
is the receiver plate ; B B is a long fquare piece of gUdC 
ferewed to the undermoft fide of the plate, through which 
a hole is drilled, correfponding with that in the centre of 
the receiver plate, and with the three female ferews bbc. 

In order to conceive how the rarefaAion of the air it- 
cffcAed, fuppofc the pifton to be at the bottom of the bar- 
rel, and a receiver to Hand upon the plate, the infide of the 
barrel, from the top of the pifton to is full of air, and 
the pifton Aiut : when drawn upwards, by the hollow cylin- 
drical wire H, it will drive the air before it, through the 
hole nj, into the oil-velTcl R, and out into the atmofphcre 
by the tube T. The pifton will then be at the top of the 
barrel at a, and the wire q q will ftand nearly as it is repre- 
fented in the figure, juft raifed from the tube L, and pre- 
vented rifing higher by means of the nut 0. While the pif- 
ton is moved upwards, the air will expand in the receiver, 
and be driven along the bent tube iw, into the infide of the 
barrel. Thus the barrel will be filled with air, which, as 
the pifton rifes, will be rarefied in proportion as the capa- 
city of the receiver, pipes, and barrel, is to the capacity of 
the barrel alone. When the pifton is moved downwards 
again by H, it will force the conical part,^. 61, out of 
the hollow part, Jig 60, as far as the (houldcrs a a ; fg. 58 
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will reft upon a /r, 6o, which will then be fo far ojirn ns 

to permit the air to pafy freely through it, while at tlie lame 
time the ciul of is foixed agaiuft tlie top of the hole, 
and clofea it in outer to prevent any air from returning into 
the receiver. Thus the j)illon, while moved downwards, 
fuffers the air to pafs out between the fides of ^ 6o. ai>d 
6i, and wlien it is at the bottom of the barrel, will have the 
column of the air above it ; and, confetpiently, when drawn 
upward, it will fluit and djiveout this air, and by opening 
the hole Ij, give a free palfagc to more air froin the re- 
ceiver. 'J’lns proccl’s being continue'l, tlic air will be cx- 
haufted out of the receiver as far as its expanlivc power 
will permit ; for in this machine there are no valves, as in 
the common air-pumps, to be forced open by the air in the 
receiver, which* when its elalticity is diminiflied, it becomes 
unable to affect ; nor is there atiy tiling to prevent the air 
from expanding to tlie guatell degree. 

Jn nling thin machine for cxhaiill’on, nodireAiona are ne- 
ceffary bei’ides thofe wiileh relau lo common pumps, nor is 
any peculiar care retpaiivJ to keep it in order, except that 
the oil-veffel, G, he always kept about half full of oil. 
When it has Hood for a eonfiJerable time without being 
wfed, it will be proper to draw a table-fpoonful or two of 
oil through it, by pouring it into the hole in the middle of 
tlie receiver plate, when the pillon is at the bottom of the 
barrel ; then, by moving the winch backward and forward 
to raife and deprefs the pillon, the oil will be drawn through 
all the parts of the machine ; and the ruperftuous pait will 
be forced out through the tube T, iiuo the oil-veffel G. 
Near the top of the cylindrical wire H, is a fqnare hole, 
which is intended to let in fomc of the oil from the veffel G, 
that the oiled leathers, tlirough which the wire q q ftides, 
may always be duly fupplied with it. 

When the pump is required to condeafe, either at the 
time when it exhauils, or feparately, the piece which con- 
tains the bent tube T, mull be taken away, and^«^. 64. put 
into its place, and failcned by the fume ferews. In the 
plate, 64, is drawn as it is made for a double-barrelled 
pump ; but for u linglc barrel, one piece is ufed, reprefented 
by haa^ the double piece being cutoff at the dotted line a a. 
In this piece is a female ferew, for receiving the end of a 
long brafs tube ; to which a bladder, if uiffieient for the 
experiment, mull be tied ; or elfe a glafs, properly confined 
for this purpofe, mull be ferewed to it. Then tiie air, 
which is exhaufted out of a receiver Handing on the plate, 
will be forced into the bladder or glafs conneAed with 
the braCs tube. I^ut if the pump be double-barrelled, 
the apparatus, as re])refcnted by Ji^y, 64, mull be ufed, 
and tile long brafs tube feroved into the female ferew 
at C. 

The two gages are reprefented in 65. and Ji^, 66 ; 
the one is the lyphon-gage, and the otlicr the barometer 
or long gage. Wiien tiiefe are ufed,^. 65. mull be ferewed 
into tlie female I'eicw, cb^ or into that at the other end a*, 
jig, 63. ; and 66 into the female ferew aby jig. 63. 

If it be ufed as a fingle air-pump, either to exhaull or con- 
denfe, the ferew K, which lalleiis the rack to the cylind i- 
cal wire H, mull be taken out ; then turning the winch till 
this wire is deprcUld a« low as poflible, the machine w'ill be 
rendered lit to exhaull as a finale air-pump ; and if it l)c 
required to condenfe, the diredlions already given with re- 
gard to the bent tube T, and jig. 68, mull be obferved. 

Mr. Cuthbcrtfoii has, by a variety of ex|>crjinent6 wiili 
this uir-piiimi, lliewii its great powers of exhaiillion. With 
the double (yphon gage, and aifo with the long gage, com- 
pared with an sittached barometer, in which the mercury 
had been repeatedly boiled, the difference between the hciglits 


of the mercurial column proved to be no more than ^’^th of 
an liiel), the barometer Aandiiig at 50 inches, which gives 
an exhaulHou of 1200 times. Oii feme occafions, w'hen the 
air was in a very dry Hate, he obferved the difference to be 
as low as T-^rjth of an ineli, which indicates more than dou- 
ble the rarefaftion. See Defeription of an impnived Air- 
pump, by John Cuthbertfon, 8 n o. London : for an abllraft, 
Nicholfon's Journal, vol. i. p. 128 — 130. 

We Avail clofe our account of the two pumps of Prince 
and Cutlibertfoii with the following judicious I’cmarks of 
Mr. Nicholfon (in his Journal, vol. i. p, 131.) on their re- 
fpc^live merits and imperftclions. “ There is no provilion 
to open the upper fixed \alve of Prince’s greater baircl, ex- 
cept the difference between the preffures of the elallic fluid 
on each fide of the llrip of bladder ; and this may reafon- 
ahly lie inferred to limit the power of his fmall pump. In 
Ciitlibcrtfon’s pump, the fame valve is expofecl to the a< 5 lion 
of the atmofphere, togetlier with that of a column of oil in 
the oil-veffel. I'lie mifehief in cither inllrument is probably 
trifling ; but in both, the valve might have been opened me- 
chanically. If this were done, the fmall pump of Prince 
might perhaps be unneceffaiy in moll Hates of the atinof- 
plicre. With regard to the lower valves, Cuthbertfon, by 
an admirable diqilay of talents as a workman, has infiired 
tlicir a^lion. Prince, on the other hand, has, by the pro- 
cefs of rcafoning, fo far improved the inllrument, that no 
valves are wanted. In this rcfpe^l, he has the advantage of 
fimplicity and cheapnefs, with equal effccl. The meeha- 
II leal combination of Cuthbertfon’s pump reduces the oj>e* 
i*ation to one fimple a« 5 l of the liandle : but Prince’s engine 
requires fome manipulation with regard to the play of the 
fmall pump ; though this might have been remedied by a 
more Acilful difpolition of the firil muver.^* 

“ The molt perfeA fcheme for an air-pump, taking 
advantage of tlie labours of thefe judicious operators, feems 
to be that in which two piHons of the conllruAion of Prince 
Htould work in one barrel ; one plHon being fixed at the 
lower end of the rod, and tlie other at the middle. 'J'lie 
lower piHon mull come clear out of the barrel when down, 
and work air-tight through a dlaplu-agm at an equal dillanee 
from the effective ends of the barrel. In the diaphragm 
mull be a metallic valve, of the form of Cuthbertfon’s 
lower-valve, but with a fliort tail beneath, that it may be 
niechanically opened when the pillon conies up. Above the 
diaphragm muH work the other pillon, limilar to the firil ; 
but as it cannot quit the barrel when down, a fmall portion 
of the barrel mull be enlarged, juH above the diaphragm, 
fo that the leathers may be clear in that pofitioii. l.aftly, 
the top of the barrel mull be clofcd and fitted with a vahe 
and oil-veffel, according to the excellent contrivance of 
Cuthbertfon.'’ 

If we fuppofe the workmanftiip of fuch a pump to 
lea\e the fpace between the diaphragm and lower pillon, 
when up, equal to one-thoufandtli part of the fpace puffed 
through by the ilroke of that pillon, the rare fadion produced 
by this part of the engine will in theory bear the lame pro- 
portion to that of the external air ; and the fame fiippofition 
applied to the upper piHon, would increafe the eHed one 
thoufand times more : whence the rarefadion would be 
one million times. I low far the praftical effed might fall 
Hiort of this fi'um the imperfedions of woikmanlhip, or the 
nature of the air, which in high rarefudions, may not dif- 
fufc itfilf equally through the containing fpaces, or from 
other yet uuoblcrved circiimHanccs, cannot be deduced from 
mere reafoning without experiment.” 

It is oblerved in the Encyclopspdia Britannica, (vol. xv. 
p. I07.)tlnit a couHrudion of the alr-pumpi fimilar to that 
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of Mr, Cuthbertforif waa invented, and, in faft, executed, 
before tbc end of I 779 » by Dr. Daniel Rutliciford, after- 
wards profeffor of botany in the univerfity of Edinburgh. 
He made a drawing of a pump, having a conical metal 
valve in the bottom, funiiftied with a long (lender wire, 
Aiding in the infidc of the pillon rod with a gentle frdlion, 
fufBlcieni for lifting the valve, and fecured againll all chance 
of failure by a fpring at the top, which took hold of a 
notch in the infidc of the pidon-rod, about a quarter of an 
inch from the lower end, fo as certainly to lift the valve 
during the laft quarter of an inch of tlic pifton’s motion. 
He had executed a valve on this principle ; but his thoughts 
were diverted from the further profccution of the bufinefs. 

In Phil. Tranf. (vol. Ixxiii. p. 43 j,) we have a deferip- 
txon by Mr. Cavallo, of an air-pump contrived and executed 
by MefTrs. Haas and Hurter, inftrument-makers in London, 
in the condru^iion of which thefe artids have revived 
Gucrickc^s method of opening the barrebvalve during the 
lad ftrokes of the pump, by an external force ; of this pump 
Mr. Cavcllo fays, that when it had been long ufed, it had, 
in the courfe of fome experiments, rarefied 600 times. 

The drawing and defeription of a new air-pump, afiing 
by means of a quantity of oil in the barrel, and invented by 
James Sadler, Efq. have been publifhed by Mr. Nicholfon, 
in his Journal, vol. i. p. 441, &c. He fays, that it podefTes 
the defirable requifitcs of fimplicity, cheapnefs, and power ; 
thoujgh at the fame time he very properly fuggeds, that the 
oil, in procefs of time, may become changed by the circu- 
lation, and lefs 6t for the purpofe, and probably carry 
with it bubbles of air. He does not mention its practical 
effeds. 

A new air-pump, fimilar in its principle to thofe of 
Mr. Smeaton and Mr. Cuthbertfon, has lately been con- 
flrufted by the Rev. Mr. Little, of the county of Mayo in 
Ireland. The principal parts of this machine are one barrel 
and pidon, one (lop-cock, one valve, and two pipes of 
communication. It is of a portable fize, and fo contrived 
as to be cotidiied in a very fmall fpace. The barrel is placed 
horizontally, and the rack, by which the pifton is moved, 
underneath the barrel; fo that the machine may be packed 
in a box two feet long, 1 8 inches wide, and fevctt in depth. 
It is adapted to the purpofes of a condenfing as well as of 
an exhauding engine. As to the effefls of this pump, the 
author informs us, that in feveral trials of exbauition, in 
the months of July, Augud, and September, the air 

being generally very dry, the rarefaction product, as (hewn 
by the pear-gage, was, five times, between 3000 and 4000: 
the mercury in the barometer gage danding at the fame times 
always above part of an inch higher than it (tood in 

a (landard barometer of a wider bore, which was filled with 
mercury made very hot and poured into a hot tube, and the 
mercury in the reduced barometer-gage funk below the level 
of the furrounding mercury. In tlic other nine trials, the 
rarefadion, as (hewn by tnc pear-gage, was from 9000 to 
26000 ; w'hcn the barometer- gage Hood at -r^i^ths of an 
inch higher than that in the Aandard barometer, and funk 
in the reduced barometer (lill lower than before beneath the 
ilagnant mercury. For a particular defeription and draw- 
ing of this indrument, and a minute detail of its pradical 
cfmdst fee Tratifadions of the Royal Irilh Academy, 
vol. vi. p. 319— 391. 

The poriabli or table air-fun^ differs principally in fixe 
and the llrudure of the gage ixom the common air-pump 
deGcribed at the beginning of this article. It has two brafs 
barrels, which arc firmly retained in a perpendicular fitua- 
iion to the fquare wooden table on which they reft by a 
tranfverfe beam, which is prefled upon them by ferews at 


the top of two pillars. From the hole in the centre of the 
pump-plate, there is a perforation or canal in a brafs piece, 
to the fore part of the frame of the pump ; and from this 
canal there is a perforation right-angular to the former, naff* 
ing to the centre of the bails of each barrel. At each of 
thtfe centres a valve is placed opening upwards to admit the 
air into the barrels. To each barrel a pifton is fo (itt< d tliat 
the air cannot pafs between it and the fidc« of the barrel. 
Each pifton has a valve opening upwards, that the air in 
the lower part of the barrel may efcape through them into 
the common air. They arc alio conneded with a rack, 
and are raifed or depreffed by a handle, the lower part of 
which is fixed to the axis of a cog-whcci, whofe teeth lay 
hold of the rack. One pifton is raifed and the other is de- 
preffed, by the fame turn of the handle. The operation of 
exhaufting is the fame as in the common pump. Two bar- 
rels are advantageous, becaufe they perform the work more 
fpeedily, and alfo becaufe the weight of the atmofplierc, 
prefting upon the rifing pifton, is counterbalanced by the 
lame weight prefling upon the other pifton defeending. 

Behind the large receiver upon the pump-plate, th'rc is a 
fmall plate for fuftaining a fmall receiver. From tlie hole at 
the centre of this plate there is a canal communicating with 
that which paffes from the large receiver to t’ne barrels. 
Under the receiver is a fmall bottle containing mercury, a 
fmall tube filled with mercury and freed from air, and in- 
verted with the open end in the mercury ; this is called the 
(hort barometer-gage. As the air is taken out of the re- 
ceiver on this fm^l plate, it is taken at the fame time from 
the larger one ; and the defeent of the mercury in the tube 
will point out the degree of rarefaftion in the receiver. 
The mercury, however, does not begin to defeend in this 
tube till near three-fourths of the air have been exhaufted ; 
and the air is faid to be as many times rarer than the atmo- 
fphere, as the column of mercury fuftained in this tube is lefs 
than the height at which the mercury (lands, at that time, 
in a common barometer. The fyphon-gage, which is fomc- 
times ufed, is a glafs tube, bent in the form of a fyphon, 
hermetically fealed at one end and open at the other. The 
longed leg is four inches, each of which is divided on an 
adjoining Icale, into 2o equal parts. After coufidcrable ex- 
hauftion the gage begins to a6l ; and whilft the mercury 
falls in one leg, it rifes in the other ; and the quantity of 
air remaining will be determined by the difference of the 
height at which it (lands in both tubes. This gage is 
placed in the fame fituation with the (liort barometer-gage. 
See Gage. 

The fmall fingle-barrelled pump has two plates, one for 
receivers, and the other for a (hort barometer-gage. Its 
principle is the fame with that of the air-pump juft def- 
cribed ; excepting that it has only one barrel, and that its 
ifton is merely worked by the hand. In general the fingle- 
arrelled pump is made only with one receiver-plate and a 
mahogany bafis, to fave expenccs, and with its fmall appa- 
ratus, to be packed in a portable mahogany cafe. 

Aia-PUMP, laws of rarefaftion in the receiver of iV. — 
I. For the proportion of air remaining at any time in the 
receiver, (fuppofing no vapour from moifture, &c. ) we have 
the following general theorem.— In a veffel exhaufted by 
the air-pump, the primitive or natural aii contained therein, 
is to the air remaining, as the aggregate of the capacity 
of the veffel and of the pump, {i* r. the cylinder left vacant 
in an elevation of the pifton, with the pipe and other parts 
between the cylinder and the receiver) raifed to a power 
whofe (exponent is equal to the number of ftrokes of the 
pifton, to the capacity of the veffel alone raifed to the 
lame power.’* Varignon gives an algebraical demon- 
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ilratlon of this thforem^ in the Memoires de I*Acad. Ro^. 
nn. 1693, p. 233, fcq. Id, an. 170C, p. 397, feq.; but it 
may be alfo demonftratcd pncumaticallv, thus : — Calling the 
air remaining after the firft ftrokc, the frjl re/idual ; that 
after the fecond, the Jecond refdual^ &c. and remembering 
|hat the air in the receiver is of the fame deniity as that in 
the cylinder, when the pillon is raifed ; it is evident, that 
the quantity of air in the receiver, is to the quantity of air 
in the cylinder, pipe, dec. as the capacity of the receiver to 
that of' the cylinder, and confequently, the aggregate of 
the air in the receiver and the cylinder, /. e. the whole primi- 
tive air, is to the air in the veifel alone, f. e. to the hril 
rcfidual air, as the aggregate of the capacity of tlie receiver 
and the cylinder, to the capacity of the receiver alone. 
After the lame manner it may be proved, that the quantity 
of the hril refidual air, is to the fecond refidual, as the 
aggregate of the capacity of the receiver and cylinder to 
the capacity of the veffel alone. And the fame proportion 
does the lecond refidual bear to the third, and fo of the 
reft. 

This may be illuftrated by an example. Suppofe the 
capacity of the receiver to be twice as great as the capacity 
of the cylinder or barrel, then will the capacity of the 
barrel be to that of the barrel and receiver together as one 
to three ; and the quantity of air exhaufted at each turn of 
the pump is to the quantity of air which was in the receiver 
immediately before that turn, in the fame proportion. So that 
by the firft ftroke of the pump, a third p^rt of the air in the 
receiver is taken away ; by the fecond ftroke a third part of 
th<r remaining air is taken away ; by the third ftroke a third 
port of the next remainder is exhaufted ; and fo on con- 
tinually ; the quantity of air evacuated at each ftroke de- 
creafing in the fame proportion with the quantity of air 
remaining in the receiver immediately before that ftroke ; 
for it is very evident that the third part, or any other de- 
terminate part of any quantity muft be diminiftied in the 
fame proportion with the whole quantity itfelf. And as the 
quantity of air in the receiver is by each ftroke of the pump 
mminifhed in the propoition of the capacity of the receiver 
to the capacity of tnc barrel and receiver taken together j 
each remainder will therefore be always lefs than ^e pre- 
ceding remainder in the fame given ratio 5 or, in other 
words, thefc remainders will be in a geometrical progreftion 
continually decreafing. To recur to the preceding example; 
the quantity exhaufted at the ftrft turn was a third part of 
the air in the receiver, and therefore the remaining air will 
be two-thirds of the fame ; and for the like rcafon, the re- 
mainder after the fecond turn will be two-thirds of the fore- 
going remainder ; and fo on continually ; the decreafe being 
always made, in the fame proportion of two to three 5 con- 
fequently the decreafing quantities themfelves are in a geo- 
metrical prog^ffion. And as the quantities exhaufted at 
every turn decreafe in the fame proportion with thefe re- 
mainders ; therefore the quantities exhaufted at every turn 
are alfo in a geometrical progreftion. Thus it appears, that 
the evacuations and the remainders do both decreafe in the 
fame geometrical progreflion. If the remainders decreafe in 
a geometrical progremon, it is plain that, by continuing the 
agitations of the pump, you may render them as fm^l as 
you pleafe ; that is, you may approach as near as you pleafe 
to 1 perfect vacuum ; but you caa never entirely take away 
the remainder. 

From the above reafoning it appears, that the produ£l 
cf the primitive air into the nrft, fecond, third, fourth, &c. 
refidual is to the produdl of the ftrft refidual into the 
fecond, third, founh, fifth, &c. as the produdi of the ca- 
pacity of the receiver and cylinder together, multiplied as 


often into itfelf as the number of ftrokes of the pifton eon*^ 
tains units, is to the fa6i:um arifing from the capacity of the 
receiver alone, multiplied fo often by itfelf ; that is, as the 
power of the aggregate of the capacity of the receiver and 
cylinder together, wliofe exponent is the number of ftrokea 
or the pifton, to the capacity of the veffel alone, raifed to 
the fame power. Confequently, the primitive air is to the 
laft refidual, in the ratio of thofe powers. 

2. The number of ftrokes of the pifton, together with 
the capacity of the receiver and cylinder with the wire, ficc. 
being given ; to find the ratio of the primitive air to the air 
remaining. 

iSubtradl the logarithm of the capacity of the receiver, 
from that of the lum of the capacity of the receiver and 
the cylinder ; then, the remainder being multiplied by the 
number of ftrokes of the pifton, the produdl w\\\ be a loga- 
rithm, wliofe natural number (hews how often the primitive 
air contains the remainder required. 

Thus, if the capacity of the receiver be 460, that of 
the cylinder j8o, and the number of ftrokes of the pif- 
ton 6 ; the pnmitive air will be found to the remaining air as 
* 33>5 to ^ or *335 to 10. 

For, fiippofc the capacity of the veffel = vi, that of the 
cylinder and veffel together = /i, the number of ftrokes 
of the pifton = ji, and the remaining air = i. Since the 
primitive is to the remaining air as «« to vv, the primitive 
air will alfo be to the remaining air, as -4- to i. Con- 
fequently, if the remaining air be 1, the logarithm of the 

primitive air is log. a — log. v x n, 

3. The capacity of the receiver and the barrel being 
given ; to find the number of ftrokes of the pifton required 
to rarefy the air to a given degree. 

Subtraft the logarithm of the remaining air from the 
logarithm of thcprimilivc air; and the logarithm of the capa- 
city of the receiver, from that of the aggregate of the ca- 
pacity of the receiver and cylinder ; then, dividing the for- 
mer difference by the latter, the quotient is the number of 
ftrokes required. 

Let the primitive air be /, the remaining air r, and the 
other quantities as before ; and w e fhall have J>: r : : 
and the log. / — log. r = « x log. a — log. v ; and n =r 
log. /. -— log. r -7- log. a — log. v. 

Thus, if the capacity of the cylinder be fuppofed 580, 
that of the receiver 460, and the primitive air to the re- 
maining air, as 1335 to 10 ; the number of ftrokes required 
will be found to be 6. 

4. The proportion of the primitive air to the remaining 
air, together with the capacity of the receiver and the num- 
ber of ftrokes of the pifton, being given ; to find the capa- 
city of the barrel. 

Let the firft-mentioned proportion be that of / to r ; the 
capacity of the receiver, v, that of the barrel, jc , and the num- 
ber of ftrokes of the pifton, n ; then / ; r : : 5 

and log. / — log. r s s: n x log. ^ + x — « X log. v : con- 
fequently, log. V + ^ sslog. v+x. Hence, 

find the logarithm of the capacity of the receiver and bar* 
rel, and from tlus the capacity itfelf, and fubtra&ing 
that of the receiver, the capacity of the barrel will be known* 
For/ : r :: 1335 : 10, i;s:4^, and as: 6: confequently, 

• — - r - ^ /3.X2C6C30~ i.ooooooo \ 

log. v+x = 2.6627578 4- — g = / 

• 354*755 ^ S*o* 7 ® 333 » *<^40* Confequently, 

X ss 1040—460 sr 580. See Wolf. £lem. Math. tom. iU 

p. 289, See, Cotes^s Hyd. and Pneum* Ledures, lc£l* 13* 
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To the air-pump belongs a large apparatus of other veflcls, 
accommodated to various kinds of experiments. 

BcTides the efTedtsj and the phenomena of the air-pump, 
recounted under the articles Vacuum, Air, See. we may 
add fomc others, which, related at large, make the fub- 
llance of Mr. Boyle’s Phyfico-Mech. Exper. — As, that the 
flame of a candle in vacuo ufually goes out in a minute, 
though it fometimes lails two, but the wick thereof con- 
tinues ignited after ; and even emits a fmoke, which afeends 
upwards.— That a kindled charcoal is totally extinguilhed 
in about five minutes, though in open air it remain alive 
half an hour ; that it goes out by degrees, beginning from 
the top and the outfides. — That red-hot iron is not affedted 
by the abfence of the air ; and yet that fulphur or gun- 
powder will not be lighted thereby, but only fufed. — That 
a match, after lying feemingly extindt in vacuo a long time, 
revives again upon the rc-admiffion of the air. — That a flint 
and (Icel (Irike fparks of Are as copioufly in vacuo as out of 
it ; and that the fparks move in all direAions, upwards, 
downwards. Sec, here as in the air.— That magnets and 
magnetic needles arc the fame in vacuo aa in air. — That 
fmoke in an ex haufted receiver, the luminary being cxtindl, 
gradually fettles to the bottom in a darkifli body, leaving 
the upper part clear and tranfparent ; and that inclining the 
velTfl fomttimes on one fide, and fometimes another, the 
fume keeps its furfacc horizontal, after the nature of other 
fluids. — That the fyphon docs not run in van/o.— That wa- 
ter freezes in vacuo. — That heat may be produced by attri- 
tion in the exhaiifted receiver. — That camphor will not take 
fire in vacuo ; and that gun-powder, though fome grains of 
z heap be kindled by a burning-glafs in vacuof will not give 
fire to the contiguous grains. — That glow-worms lofe their 
liglit in proportion as the air is exhaulled, and at length 
become totally obfeure ; but upon the rc-adraiflion of air, 
prefeiuly recover it all. — That cle6lricity appears like the 
Aurora borealis. — That vipers and frogs fwell much in 
vacuot but will live an hour and half, or two hours ; and 
though feemingly quite dead in that time, come to life again 
after being fome hours in the air. — That fniils fervivc ten 
hours ; and efts or flow-worms, two or three dayif 4 Iteches 
five or fix. — That fiflies will rife up to tlic top of water, 
placed under an exhaulled receiver, becaufe the air-bladder 
is expanded, and they arc thus made fpecifically lighter than 
water ; but if the bladder breaks, they link down to the 
bottom, and rife no more. — That animals who live in water 
will not die by exhaufting the air out of the receiver, unlefs 
they are kept for a confiderablc time in vacuo.^Thzt oyf- 
ters will remain alive in vacuo 24 hours w'ithout harm. — 
That the heart of an eel taken out of the body, continues 
to beat in vacuo more nimbly than in air ; and this for a good 
part of an hour. — That warm blood, milk, gall, Sec. un- 
dergo a confiderablc intumcfccncc and ebullition in vacuo.^ 
That a moufe, or other animal, may be brought, by degrees, 
to furvive longer in rarefied air, than naturally it docs, — 
That air may retain its ufual preflure, after it is become 
unfit for refpiration. — And that filk-worms’ eggs will hatch 
in vacuo, 

Befides the above-mentioned phenomena, many others arc 
recited by different writers on this fubjedl, and they may be 
found in thePhilofophical Tranfaftions of various Academies 
and Societies, and in the works of Torricelli, Pafcal, Mer- 
feline, Guericke, Schottus, Boyle, Hooke, Haukfbee, 
Duhamcl, Mariottc, Hales, Mufchenbrock, Gravefande, 
Defaguliers, Franklin, Cotes, Hclfham, Martin, Ferjufon, 
Adams, Sec. Sec, We fhall fubjoin for the cxercifc and 
amufement of our readers fomc farther experiments, arranged 
under diflioft heads. For experiments that require peculiar 


accuracy, the receiver (hould not be placed upon leather,^ 
either oiled or foaked in water ; but the plate of the pump 
fhould be made very dry, and the infide of the receiver 
Ihould be dried and rubbed with a warm cloth. The re- 
ceiver may then be fet upon the plate, and hog’s lard, either 
alone or mixed with oil, be fmcared round its outw^ard edge. 
After performing any experiments, the pump fliould be 
cleared of any vapour that has been generated, by cxhaull- 
ing a large receiver to as great a degree as poflihle ; and the 
vapour that remained in the barrel and pipes will be difi’ofcd 
through the receiver ; and if this be large, one ixluiuition 
will be fulficient for clearing the pump. W ith fmall re- 
ceivers the operation Ihould be repeated two or three times. 
In fome of the heft pumps, the plate and edges of the re- 
ceiver are ground fo accurately as not to require any lea- 
thers ; but as the plate is liable to be fcratchcd by fetting 
tbc receivers upon it, lard or tallow fpread iijion their 

edges \^ill he uftful. This will prevent the edges from da- 
maging the plate, and will not admit any vapour. When 
leathers arc iifed for connedling the receiver with a pump 
plate, and for making the junction air-tight, they are pre- 
vioufly foaktd in water, oil, or a mixture of melted bees* 
wax and hog's lard. When experiments are performed that 
require the ufc of mercury, a fmall pipe fhould be ferewed 
into the hole of the pump plate, in order to prevent any of 
it, tliat may be accidentally fpilt, from pafling into the air- 
pipe and barrels ; which would loofen the folder and corrode 
the braffl. 

I. Experiments for fliewing the w’cight and preflure of 
the air. 

1. Exhauft of its air a copper ball, fuch as C (P/a/e V, Pneu^ 
matiesy ^^.26.) the neck of which is furnifhed w'ith a (lop-cock 
and a Icrcw by means of which it may be fixed to the plate 
of an air-pump 5 fufpend it, when exhaulled, on the end B 
of one arm of a balance, A B, and lay upon it the fmall 
weight py which mull be counterpoifed by a weiglit P in the 
oppofite fcale of the balance. Turn the cock of the ball, 
and the air will rufli in and i-ender it fo much bcavitr, tliat 
the weight p mull be removed in order to rellorc the equili- 
brium. If the ball holds a gallon, it will thus be found that a 
gallon of air weighs about the fixtb part of an ounce. See 
Weight of the Air. 

2. Place the fmall receiver O (/Tj. 35.) over the hole of 
the pump plate, and upon cxhaulling the air, the receiver 
will be fixed down to the plate by the preflure on its outfide ; 
and this prcfliirc will be equal to as many limes 1 jj pounds 
as there arc fquarc inches in that part of the plate which 
the receiver covers. By turning tlie cock of the pump and 
readmitting the air, the receiver w'ill become loofe. In or- 
der to prove that the receiver O is held down by the 
preflure of the air, fufpend it on the hook of the wire P P 
pafling through the collar of leathers at the top of the re- 
ceiver M, by which it is covered, and thus let it down on 
the plate of the pump ; and when the air is eyhaulled from 
both receivers, the large receiver M will be fixed to the plate 
by the preflure of the external air ; but the fmall one O will 
be loofe and may be eafily removed ; on lettifig in the air, 
tbelefler O will be fixed down upon the plate and the other 
will be relcafcd. 

3. Place a fmall brafs or glafs veffel A B (jig, 27.) which 
is open at both ends over the hole of Ihe pump plate, and 
cover the top of it with tbc hand ; which, when the air ia 
exhaufted, will be prefled down by the weight of the ex- 
ternal air, fo that it cannot be releafed without difficulty till 
the air is readmitted. 

4. 'I'ic a piece of wet bladder, as b (Jig. 28.) over the 
open top of the glafs A ; when it is dry, let the open end 
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til'* I’oi? of die pump plate, and you cxliaufttlie 
air, tiuj hl.Kldcr uill be prefled down and affume witldn the 
^lal:> a concave il^urc, and at length it will break with a loud 
report. If a j)ierc of flat glafs be laid upon the top of this 
receiver, and joined to it by a rim of wet Itulher, the pvtffure 
of the outwaid air will break the glafs, when the intenial 
air ivS exhanib d. 

5. Jmmerfc tlio neck c d id the hollow glafs ball e h 
29.) in llie uater of tke phial a a ; place it on the jdate of 
the pump, and covtr it and the hole of ilse plate with the 
rcCLivcr A ; cxhauil tliisi leceiver, and the air will efeape by 
its fpring from tlie ball e b, through the neck d r, rife in 
bubbles through the water, and pafs off into the external 
air. When it has done bubbling, turn the cock of the 
pump, and the air tluit is admitted will by its preffure on 
the l^rfacc of the water force it up in a jet into the ball e 
and'filmoil fill it ; tin* finail quantity of remaining air, which 
occupied the whole ball, and which is now reduced to a fiuall 
fpace of condenf-uion, preventing the water from fdling the 
whole cavity of the bull. 'I’his experiment may be varied 
by ferewing the end A of the brafi pipe ABF (fig. 
into the hole of the pump plate, and placing, by m^ans of 
wet leather, upon the plate e r/ a tall receiver G H clofe 
at the top, exhaufting the receiver of its air and Hopping 
the pipe by the cock e ; when this is done renuive the ap- 
paratus from the pump, fet its end A in a bafon of water, 
and open the pipe by turning the cock e ; and the pref- 
iureofthc air on the water will force it up through the pipe, 
fo that it will afeend in a jet to the top of tnc receiver, 
iJee Fountain. 

6. Set the jar D {Jig. 31,) containing quickfdvcr, near 
the hole of the pump plate, and cover both wuth the tall 
open receiver A B. Into the plate C, placed \ipon tlie upper 
end of this receiver, introduce the open glafs tube g /, im- 
incrfcd at its lower extremity in the quickfilver of the jar D, 
and fciewcd by a brafs top annexed to it at h to the lyringe 
H, which is itfclf ferewed to the plate C. By the ring I 
draw up the pifton of the fyringe, and thus exhauft tlie tube 
of its air ; and the quickfilver in the bafon prefled by the 
undilated air of the receiver A B will afeend in the tube. 
That this afeent is owing to the preflure of the air, and not 
to what fome have called fudlion, may be evinced by cx- 
haufling the receiver of its air, which will caufe the quick- 
filver to defeend into the jar, and by readmitting the air, 
which will raife it again in the tube, although the pifton of 
the fyringe be not moved. If the tube be about 32 or 33 
inches high, the quickfilver will rife nearly as high in ihc 
tube as it (lands at that time in the barometer. If the 
fyringe has a fmall hole at in, and the pifton be drawn up 
above that hole, the air will pals through it into the fyringe 
and tube, and tlie quickfilver will immediately fall down 
into the jar. 

7. Place the jar A (^. 32.) with quickfilver in it on the 
pump plate, cover it with the receiver B, and pu(h the open 
end of the glafs tube df through the collai’ of leathers in 
the brafs neck C, almoft down to the quickfilver in the jar. 
Exhauft the receiver B of its air, and the tube d e, which is 
clofe at the top/, will at the fame time be exhauft ed. When 
the receiver has been well exhaufted, pufli the open end of 
the tube iato the Mickfilver of the jar ; and tnough the 
tube be exhaufted of its air, the quickfilver will not rife in 
It, becaufe there is no prclTure on the furfafce of that in the 
jar. But upon admitting the air into the receiver, the 
ijuickfilver will immediately rife and ftand as high as it did 
in confcquence of the aftior. of the fyringe in the preceding 
experiment. 


Thcfe two laft experiments not only exhibit the wt ^it 
and preflure of the air, but they alio fliew that thefe arc 
crcaicd or dimiiiiflied in proportion to the incrcufe or dccTcafo 
of the air's depth. See Barometer and Torricellian 
Esperlment* 

8. Join the two brafs hemifphercs A and B together (Jig. 
36,) by the interpofition of a wet leather, with a hole in the 
middle of it ; then ferew the end D into the plate of the 
pump, mul turn the cock E of the pipe, C D, communicating 
with the bcmifpliercs ; and having exhaufted the air, turn 
the cock 1*0 as to ftop the pipe. Having removed it from 
the pump, fertw at tlie end D, the piece FA; and two 
ftrong men pulling at the handles^ and A will find it difficult 
to feparatc the hemifpheres ; for if the diameter be four 
inches, they will cohere together with a force equal to 
pounds, the area being equal to the fquare of the diameter 
multiplied by ,7854, and the preflure on every fquare inch 
being 15 pounds; /. e. 16 X, 7854 x 15 =r 188, 49^# 
pounds. If they be fufpended by cither of the rings 
on the hook P of the receiver M {Jig. 35.), and the re- 
ceiver be exhaufted of its air, they will fcpaiate of them- 
felves. 

9. Set the fquare phial A {Jig. 37.) upon the pump plare, 
and cover it with the wire cage B ; then placing it under a 
clofe receiver, exhauft the receiver and the phial which has a 
fmall hole under a valve at b of their air ; and the air upon its 
readmiflion into the receiver, being prevented from pafling 
into the phial by the valve A, will break it into a number of 
pieces by its preflure. Quickfilver may be alfo forced into 
wood, and made to pal's through it by the preflure of the 
air. 

II. Experiments for (hewing the clafticity or fpring of 
the air. 

1. Place a bladder, containing a fmall quantity of air and 
well tied up, under a receiver ; and wdicn the receiver is ex- 
haufted, the air will expand and fill the bladder fo that it 
will appear as if it were blown with common air. Upon 
letting in the air, the bladder prefled by it will be re- 
duced to its original flaccid ftate. This bladder put into a 
box under a weight of 20 or 30 pounds, and covered w’lth a 
receiver, will, upon the cxhaulUon of the receiver, raife tht 
weight by means of the fpring of the internal air. 

2. Take the glafs ball {^g. 29.) whicli was filled with 
water, a fmall bubble of air at the top of it excepted, and 
having placed it with its neck downward into the empty jar 
a /I, and covered it with a clofe receiver, exhauft the receiver 
of its air, and the air-bubblc will expand itfelf, and by its 
elaftic force protrude the water out oi the ball into the jar. 
Or, ferew the pipe A B {fig. 30.) into the pump pble, and 
place the tidl receiver G fi upon the plate c d\ exhauft the 
receiver, and tlien remove the apparatus and ferew it into the 
copper veflcl C C {Jig. 38.) half filled with water. Then 
turning the the cock e {^Jig. 30.) and the air confined in this 
vcffcl will by its fpring force the water through the pipe A 
B, and caufe it to wiin a jet into the exhaufted receiver, 
equal to that which was produced by the preflure of the 
air iu a former experiment; other circumllances being 
alike. 

2. Let the balls annexed to the heads of the hollow glafs 
images 39.) contain water fufficient to render them fpe- 
cifically heavier than water. Place them under a receiver 
and exhauft it ; and the air in the balls will dilate, force part 
of the water out, and render the images lighter than water, 
fu that they will afeend. On re-admitting the air, they will 
defeend. Small apertures made in the feet of thefe images 
will vary the experiment, and anfwer Uie fame purpofe. 
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.3. Animals that die in an e\^au(\r.*d receiver are evid ently 
oppreflTed at fird as with a great weight, then convulfed, and 
at lad expire in apparent agony. Inllead of repeating ex- 
periments of this kind, the cdVdl of cxliaullion is afeertained 
by what is ufually, though improperly, called the lungs- 
glafs. This con (ids of a bladder tied round u fmall tube 
which paffes into a bottle, and fealed fo tight, that the air 
cannot cfcapc any way but through the tube. When this 
machine is put under a receiver and the air begins to be ex- 
hauded, the fpring of that, which is coi.tniiw d in t!ic bottle, 
and which cannot efcape, comprefles the bladder; and when 
air is again let in, the bladder expands ; and thefc alternate 
motions of compredion and dilatation have been fuppofed 
analogous to ihofe of the lungs. Sec 40. 

4. Pour quickfilvcr into the bottle A .| r.) and fcirw 
the brafs collar c, of the tube B C, into the brafs neck ft of 
the bottle, and let the lower end of the tube be imnuiftd 
into the quickrdver, fo that the air above the qtiiclJUvtr 
may be confined there. Cover this tub.-, v.liicli is open at 
the top, with the receiver G and large tube E F, fixed by 
brafs collars to the receiver ^iid elofe at t!ic top. Exhaud 
the receiver and its tube ; and the air will be thus exhauded 
out of the inner tube B C through its open top C ; and 
then the air confined in the bottle A will, by its fpring, force 
the quickfilvcr in the inner tube as it was raifed in a former 
experiment by the prefTurc of the atmofphere ; and thus it 
appears that the cladicity of the air is equivalent to its 
weight. 

5. Screw the end C of the pipe C D {f^. 42.) into the 
hole of the pump plate, and open the communication be- 
tw'cen the three pipes E, F, and D C, and the hollow trunk 
A B, by turning the three cocks G and H. Cover the 
plates g and ft with wet leathers, having holes in their middle, 
fo as to communicate with the pipes ; place the clofc receiver 
1 upon the plate g ; fhut the pipe F, by turning the cock 
H ; and exhaud the air out of the receiver I, Shut out 
the air by turning the cock d ; remove the machine from the 
pump ; icrew it to the w'oodcn (land L ; and put the re- 
ceiver K upon the plate A, on which it will he loofe whild 
it is full of air ; but upon turning the cock H, and opening 
the communication beiw»een the pipes F and E, through the 
trur.k A B, the air in K will, by its fpring, pafs from K to I, 
till it becomes of equal denfity in both rcceiveri} and then 
they will be held down with equal force upon their refpeftive 
plates bv the preflure of the atmofphere, and the force with 
which K vvas held down will be divided between K and I. 
Thus it appears, that a force equal to Inilf the eladic force 
of common air will a£i within the receivers againd the whole 
prelTiirc of the common air on their oiitfides. This indru- 
ment is called a double transferrer, and it ferves to transfer 
the air from one veflcl into another. 

6. Fadcn a cork in the fquare phial A [fg, 37.) with wax 
or cement ; put it upon the pump plate, cover it with the 
wire cage B, and place a clofc receiver over the cage. Upon 
exhauding the receiver of its air, that which was enclofed 
within the phial will dilate itdlf, and having no counter 

J meffure on the outfidc, will break the phial outwards by the 

brcc of its fpring. , . . 

7. Place a (hrivcllcd apple under a receiver, and as it is 
exhauded, the fpring of the air within the apple will plump 
it out and caufe the wrinkles to difappc.ir ; but upon read- 
mitting the air, it will return to its ihvivclled date. 

8. Put a frelh egg, from the fmall end of which a little 
of the (hell and film is removed, under the receiver ; and 
when the air is pumped out, the fmall bubble of air con- 
tained between the Ihdl and film at the larger end, will dilate 


itfelf, and protrude the contents of the egg Into the receiver. 
If the egg be placed in a jar of water under the receiver, its 
furfacc will be covered with bubbles of air in the progrefs of 
exhaudion. 

9. Warm beer put under a receiver, exhauded of its air^ 
will difeharge hubbks, wdiich will rife to the furfacc, and 
at length give it the appearance of boiling. 

10. A piece of dry wainfeot or other wood, being put 
into warm water and covered with a receiver, will difeharge 
air, as the receiver is txhaulUd, and txhibit bubbles of air, 
efpccially about its ends, becaufe the pores lie lengihwife. 
A cubic inch of dry wainfeot has fo much air in it, that it 
will continue bubbling for half an hour together. 

If a piece of wood be made to pafs througli a plate co- 
vering the top of a receiver, with one part expofed to llic 
air and the other immerfed in a jar of water under the re- 
ceiver, and the thumb he put on the top of the wood V'hlld 
the pump is working, the air 1“ itaintd in the pores of the 
w^ood will ru(h in bubbles throtu,h the w'ater ; but if the 
thumb be taken off, a Iticam of air will flow in through the 
wood ; and thus by alternately taking off the thumb and 
placing it on the wood, the influx of the air will be alter- 
nately admitted and interrupted. Sec Air and Elasticity 
of the Air, 

III. Experiments for (hewing the rcfiftancc of the air. 

1. The machine {fig, 43.) conlifts of two mills, a and 
of equal weight, and moving independently and freely on 
their axes. Each mill has four thin vanes or fails, fixed in 
the axis ; thofe of the mill a having their planes perpen- 
dicular to the axis, and thofe of the mill h having their 
planes parallel to it. When the mill a turns round in com- 
mon air, it will fuffer little refiftance, becaufe its fails cut 
the ail* wdth their thin edges ; but the mill h is much refifled^ 
becaufe the broad fides of its fails move againft the air, when 
it turns round. Each axle has a pin near the middle of the 
frame, which paffes through the axle and proje^Is a little on 
each fide of it ; upon thefe pins the Aider d may be made to 
bear, and thus hinder the mills from going, when the (Irong 
fpring c is fet on bend againft the oppofite ends of the 
pins. Having ftt the machine upon the pump plate, draw 
up the Aider a to the pins on one fide, and fet the fpring c 
at bend upon the oppolite ends of the pins ; then puAi down 
the Aider </, and the fpring acting with equal ftrengih on 
each mill will fet them at w^ork with equal forces and velo- 
cities ; but the mill a will run much longer than becaufe 
it meets wdlh much Icfs refiftance. Draw up the Aider again, 
and fet the fpring upon the pins as before ; then cover the 
machine with the receiver M (fig, 35.) upon the pump plate ; 
and having exhauded it, pu(h down the wire P P, through 
the collar of leathers in the neck 7, upon the Aider, which 
difengaging it from the pins will allow the mills to turn 
round by the impulfe of the fpring ; and as there is no air 
in the receiver that yields any feniible refiftance, they will 
move for a longer time than in the open air, and when one 
ftops, the other will ftop alfo. Hence it appears, that the 
air refills moving bodies, and that equal bodies meet with 
different degrees of refi fiance, according as they prefen t 
greater or lefs furfaces to the air, in the planes of their 
motions. 

2. Put the guinea a and feather b {Jig, 44.) upon the brafii 
flap € ; turn up the flap, and (hut it into the notch d. Then 
putting a wet leather over the top of the tall receiver A B, 
which is open at both ends, cover it with the plate C, fo 
that the tongs c d may hang within the receiver. Thea 
having exhaiifted the receiver, draw up the wire /, and the 
tongs c d will be opened by a piece at its end, and the flap c 
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fnlling down, the guinea and feather will be obferved to 
ilcfcciid with equal velocities, and by looking fteadily to the 
bottom of the receiver, to fall to the pump ^atc at the farnc 
iiillant. When air is in the receiver, the guinea will fall in 
an inllant, and the feather will defeend gently and by an in- 
direft motion. This apparatus is fometimes fo coullrufttd 
as to let th?ee guineas with their feathers fall feparately at 
three differtnc times, without taking it off or exhauiUng the 
nirafrefh. See Resistance ^ the Atr^ 

IV. Mifccllancoiis Experiu.ents. 

I. Strew the fyringc H to apiece of lead, 

weighing at leaft one pound ; pull up the pillon, which will 
caule a vacuum in the Tyringe, and the air by itspreffiirc will 
drive back the lead upon it ; raifing it and countcrading its 
natural weight. But if the fyringc and annexed weight be 
placed in an cxhaultcd receiver, they will fall upon the pillon 
by their natural gravity, and upon readmitting the air, they 
will be drove upward again, lo that the pillon will be at 
the bottom of the fyriiige. 

2. 1 'o a balance AB, Plate vli. PneumaticSiJl^* ^4. fufpeud a 
weight of lead, and let it be in equilibrio with a piece of cork. 
Place this apparatus under a receiver and exhauft the air, and 
llic coik will preponderate ; but let the air be admitted, and 
the equilibrium will be reftored. As the air is a fluid, all 
bodies lofe as much of their weight in it as is equal to the 
weight of an equal bulk of the fluid ; and as the cork is 
largcft, it lofcs more of its abfolute weight than the lead, 
and of courfe muff be heavier in order to compenfatc this 
greater lofs ; but when the air is removed, all bodies gra- 
vitate according to their quantities of matter, and therefore 
the cork, which balanced the lead in air, will appear to be 
heavier in vacuo. A more elegant apparatus for this expe- 
riment, confiding of a light glafs ball A, and a brafs weight 
B, is exhibited in^. 55. 

3. Set a clean receiver upon the plate of a pump, and 
when you begin to exhaull it, hold a candle to the fide of 
the receiver oppofitc to your eye, and feveral colours, re- 
fembling a halo, will appear about the candle, which are oc- 
cdfioncd by the vapours that arife from the wet leathers and 
their refradion of the light. 

4. Place a lighted candle under a tall receiver, and if it 
holds about a gallon, the candle will continue to burn about 
a minute ; and its light will gradually decay and at length 
be extinguiflied. The fmoke of the candle will afeend and 
form a kind of cloud at the top of the receiver ; but upon 
exhaufling it, the fmoke will fall down to the bottom ; thus 
(hewing, that fmoke does not afeend becaufc it is poiltively 
light, but becaufc it is lighter than air. 

5. Let the pipe rcprcfcntcd in Plate s\\u Pneumatics 

be annexed to tlic top of an open receiver, and the air be ex- 
hauftw^d ; then place one end of the pipe in the middle of a 
charcoal Are, and open the cock \ and the noxious air of the 
charcoal will pafs through the pipe into the receiver 5 remove 
the pipe from it, and let down a fmall lighted wax taper into 
the receiver, and it will be immediately extiiiguifhed. A moufe 
'or bird let down into the receiver will be killed by the air 
which it contains. If a candle be let down gently, it will 
purify the air as it defeends. 

6. By conhe^ling the wire that paffes through the collar 
of leathers of a receiver with the trigger of a piftol lock, 
placed under it, exhanfting the air, and then drawing the 
trigger, the flint will ilrike the ftcel and produce (parks of 
fire, which will not be vifible as in the open air. Or, if 
two iron bullets be made red-hot, and one of them be under 
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an exhaufted receiver, it will not appear lumiious, like the 
othe/ which remains in the open air. 

7. Set a bell upon a cuftiion under a receiver on the pump 
plate $ and fliake the pump fo as to make the clapper 
ilrike againil the bell, and the found will be diilindUy 
heard; but exhaull the receiver, and if the clapper be 
made to flrike with great force again ft the bell, it will make 
no audible found ; hcncc it is inlcrred, that air is ncceffary 
for the propagation of found. 

Air-shafts, among Miners^ denote holes or fliafls let 
down from the open air to nieci the adits, and furnifti frefh 
air. The damps, want, and impurity of air, which occur, 
when adits aie wrought 30 or 40 fathoms long, make it 
neceffary to Itt down air-(hafts, in order to give the air 
liberty to play through the whole work, aiid thus difeharge 
bad vapours, and furnifh good air fer refpiratioii ; the ex- 
pellee of wlilch (hafts, in regard of their vaft depths, hard- 
nefs of the rock, drawing of water, &c. fometimes equals, 
nay exceeds, the ordinary charge of the whole adit. 

Sir Robert Muiray dti'cribcb a method, iiCcd in the coal- 
mines at I.iege, of working mines without air-fluifis. Phil. 
Tranf.N^v 

When the miners at Mendip have funk a groove, they 
will not be at the charge of an air-fliaft, till they come al 
ore ; and for the fijpply of air have boxes of dm exa^lly 
clofcd, of about lix inches in the clear, by which they 
carry it down about twenty fathoms. They cut a trench 
at a little dillancc from the top of the groove, coveting it 
with turf and rods difpofed to receive the pipe, which they 
contrive to come in fide-vvays to their groove, four feet frora 
the top; w'hich carries down the air to a great depth. 
When they come at ore, and need an air-ftiaft, they fink it 
four or five fathoms diftaut, according to the convenience 
of the breadth, and of the fame fadiion with the groove, 
to draw as well ore as air. Phil. Tranf. Sec 

Mining. 

Air-threads of fphlers. Sec Threadj. 

Air-trunk, a iimple contrivance by Dr. Hales, for 
preventing the ftagnation of putrid effluvia, and purifying 
the air in jails and clofc rooms ; which confifts of a fquare 
trunk open at both ends, one of which is fixed in the cieling 
and the other is extended to a confiderablt height above 
fhe roof. The noxious effluvia, afeending to the top of tlie 
room, efcape by this trunk. Some of thefe have been nine 
and others fix inches in the clear ; but whatever be their 
diameter, their length (hould be proportionable, in order to 
promote the afeent of the vapour. ^ As the preffure of 
fluids, and conrequently of the air, correfpcpids their 
perpendicular altitude, the longer thefe trunks are, fo much 
the greater will be the difference between columns of air 
prefling at the bottom and at the top ; and of courfe fo 
much the greater will be their effeft. Sec Ventilator. 

Air-vessel, in Hydraulics^ is a name given to thofe me* 
talline cylinders, which are placed between the two forcing- 
pumps in the improved mi-engines. The water is injeded 
by the a£lion of the piftons through two pipes, with valves, 
into this veffel ; the air previoufly contained in it will be 
comprefled by the water. In proportion to the quantity ad- 
mitted, and by its fpring force the water into a pipe, which 
will difeharge a conftant and equal dream ; whereas in the 
common (quitting engine, the ftream is difeontinued between 
the feveral ftrokes. Other water-engines are furnifhed with 
veflels of this kind* 



Alcohol 


ALCOHOL, ardent fpirit^ Jpir'U oj" wine. Almh Efprit 
de vin. Fr, IVeingcjflf Gtrm, Spirito anLute^ Jpirito de 
vino. Acquai^ente^ Italian. The term alcohol u applied ex* 
clufively by iiKjdem chemills, to the purely fpintuous pait 
of all liquors that have undergone the vinous fermentation. 
i\s this fublUuce bears a very high imporcancei both as a 
chemical a^ent and in its Various combinations, ihall be* 
ftow upon It coolidevable attention. 

Alcohol is in all cafes the prodini^ of the faccharine pria- 
ciple, and is formed by the fucceflive procefles of vinous 
fermentation and dtllillation. All fermented liquors, there- 
fore, agree in thefe two points; the one, that a faccharine 
juice has been neceflary to their produdion ; and the other, 
that they arc all capable of furriilhingt au arJeiit fpirit by 
dillillation. 


Various kinds of ardent fpirits arc known in co.T.mcrcc> 
fuch a« brandy, rum, arrack, malt-fpirits, and the like; 
thefe differ from each other in colour, fmcll, taiic, and 
ttrength ; but the fpirituous part, to which they ouc their 
inflammability, their hot fiery taile, and their iiitoxicattng 
quality, is the fame in each, and may be procured in its 
purell ftate by a fecond dillillation, which is termed in tech* 
nical language, reHification. 

We (hall refer the reader to the articles of Fermemta* 
TtON (vinmjt DiSTiLLATiOK, and the fcveral fptcics of 
diiUlled fpirits, for an account of the progrcfiive llages in 
the formation of alcohol ; and we (hall here take up the fub. 
jeft with the procefs of redtification or the fecoud diftiUa* 
tioD|i wbereby ilcohol is brought to tiut date of purity 

in 
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in which its chemical properties are the moil confpicti- 

OU8. 

Alcohoh as well as ardent fpints of different kindsy is 
rocurcd moft largely in this country from a fermented grain- 
quor, prepared for the exprefs puq)ofc of diflillation, from 
grain, melaffes, See, ; but in the wine countries, the fpirit 
IS obtained from the diftillation of wine ; whence the fyno- 
nimous term, Jfint of wine. We fhall only take the exam- 
ple of brandy, which is the prodiidl of the firft dillillation 
of wine, and mention the metliod by which alcohol is pro- 
cured from it by rc(^lification. 

Brandy is a compound of alcohol, w^atcr, a colouring 
cxtra^livc matter, and a fniall quantity of oil. It is to the 
two laft that it owes its peculiar flavom*, fmell, and appearance, 
whereby it is dillinguifhed from other diftilled fpirits. The 
objc6V of the procefs of redlibcation is to fepuratc the firft 
from the other ingredients, and this feparation is effedleJ upon 
the principle that alcohol is the moft ealily volatilized when 
agcntle iieat is applied, and therefore appears in the firft pro- 
du6f of dilHllation, w'hilft the extraftive matter and much 
of the water remain behind. It is more difficult, however, 
to get rid of the fmall portion of oil which brandy con- 
tains, as this is foluble in alcohol, and will rife with it in 
dillillation, unlcfs prevented by the means which will be pre- 
fcntly mentioned. 

The obfervations of M. Baum^, and his dire£lions for the 

O aration of alcohol, are fo judicious and accurate that we 
here mention them. 

The following is the procefs given by this able chemift : 
To procure ra^filkd alcohol, put. a quantity of brandy in 
the water bath of an alembic, and proceed to diftillation. 
Set apart tlie firft produ(fl of the diftillation when it amounts 
to about a fourth part of the liquor put into the alembic. 
Then continue the procefs till about as much more is ob- 
tained, or till the liquor cornea over white and milky. Then 
re-diltil the latter produ^l, and mix the firft half which 
comes over with the firft part of the former diftillation, and 
continue to dilli! as long as any fpirit comes over. This 
latter portion may be again diftilled, and the firft produ^ 
mixed with the former firft produds, as before. After each 
diftillation, there remains in the alembic a w^atery liquor 
which retains the fmell of brandy, but is entirely deprived 
of inflammable fpirit, and isthrowm away as ufelcls. 

** Having thus procured all the fpirit from the brandy, 
return all the referved firft produAs to the alembic, and dif- 
lill with a gentle fire. When about half the liquor has come 
over, it (hould be kept apart as pure rc^lified alcohol ; the 
remainder is to be diftilled as long as it is inflammable, and 
may either be again rectified, or referved for thofe purpofes 
where a fpirit of inferior ftrength is required.” 

The reafon given bv this judicious chemift for the above 
procefs is this : the fpirit which firft paffes over in diftilla- 
tion is the pureil, and contains the leaft portion of grofs 
eflential oil ; the latter portion, on the other hand, is aunoft 
faturated w*ith this oil, and the difference between the two is 
cafily diftinguifhable when rubbed on the hands; the firft 
produ6l leaves no fmell of brandy, but the laft gives an 
odour like the breath of drunkards, who digeft their food 
imperfc£lly. Tfiie ^antity of oil, however, varies accord- 
ing to the nature of the brandy ; that which is made from 
w'lne alone containing the leaft oil, but that which is pro^ 
cured from wine lees being fo full of k as to leave a ftratum 
of the oil fwimming on the watery extradive liquor left in 
the alembic, after aH the fpirit has been diftilled off. 

M. Dubuiflbn remarks concerning this oil, that the 
T^anguedoc brandies contain much more of it than the 
Cogniac ; and that after diftilling a large quantity of the for- 
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mer, the head of the alembic was covered with expanded 
drops of the oil, which adhered to the veffei. When col- 
leded together, and quite cold, they became as ftiff as fuet, 
had a chnnut colour, a ftrong (fifagrecable tafte, and a fmell 
like tui-pentinc. 

Various additions have likcwifc been made to the impure 
fpirit, in order to aflift in the feparation of this oil. The 
fimpleft, and one of the moft emcacious is water. This, 
when added to the oily fpirit, turns it milky (as U the cafe 
with any other folution of eflential oil in alcohol), and by 
weakening the adhefion between the oil and the fpirit, it 
enables the latter to rife in dillillation, unmixed with the 
former. The chief inconvenience of this addition is, that 
it weakens the ftivngth of the fpirit fo much as to require 
fuccelfive redifications before it can be fufficicntly deprived 
of its wateiy part. 

Chalk, crumb of bread, bran^ and other fubftanccs, are 
alfo added before diilillHtion to the fpirit, when oily and ill 
flavoured ; and they all have a good effed in keeping down 
the matters which contaminate the alcohol, and render the 
diftillation more effedual iiyiurifyiiig it. 

S uicklime is ftill more efficacious, but it much leflens the 
ud of alcohol, alters its nature in fome degree, and 
makes it more penetrating. It would appear, however, 
that there are fome kinds of wine in which the odorant par- 
ticles arc fo intimately mixed with the fpirituous part, that 
it is fcarcely poflible to feparate thtrn by Ample diftillation, 
however cautioufly and ll<ilfully condiidcd. 

The common ftill with the worm-tube and refrigeratorv, 
is very well calculated for the redification of fpirits, only 
allowance mull be made for the rcadincls with which ardent 
fpirit, when heated, affumes the Hate of vapour, and the 
very great expanfiou which it then undergoes. 

Alcohol, freed from all foreign ingredients but water, 
and already of confiderable ftrength, may be brought to ihc 
^ecific gravity of 0.R25, at the temperature of 60®, by a 
fingle dillillation, where the heat is moderate and applied 
very gradually, and the condenfation flow. When about a 
third or halt of the fpirit is diftilled over, the ftrength 
of the fucceeding portion is diminilhed, the fpecific gravity in- 
creafes, and it becomes more watery, and therefore the firft 
produ^ fliould be kept apart. This cannot be rendered 
llronger by any repetition of fimplc dillillation, but it may 
be ftill further dephlegmated by means w'hich will be men- 
tioned hereafter. 

Wc lhall now proceed to the properties of alcohol. 

Alcohol is a colourlefs tranlparent liquor, appearing to 
the eye like pure vratcr. It poflefl’es a peculiar penctratinj^ 
fmell, diftin£l from the proper odour of the diftilled fpint 
from which it has been procured. To the tafte it is excel- 
fivcly hot and burning, but without any peculiar flavour. 
From its great lightnefs und moln'lity, the bubbles which 
arc formed on fliaking it fubfide alinoft inftaotaneoully, and 
this is one method of judging of its purity. Alcohol is 
very eafily volatilized by the heat of the haim, it even begins 
to DC converted into a very cxpanfiblc vapour at the tempe- 
rature of 55® Fahr. and the quicknefs of evaporation alw'ays 
produces a confiderable cold. It boils at about 165^, and 
the vapours when condenfed return unaltered to their former 
ftate. It has never been frozen by any cold, natural or arti- 
ficial, and hence its ufc in ihermometns to mcafure very low 
temperatures. 

Alcohol takes fire vety readily on the application of any 
lighted body, the fpeedicr iu proportion to its purity. It 
bums with a pale flame, white in the centre and blue at the 
edges ; this gives but a (mail degree of heat, and is fo ftint 
as to ^ fcarcely vifible in bright daydight. It bums with- 
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out apy fmokc or vapour, and if ftronj, leaves no refuluum ; 
but if weak, it is extinguifhed fpoutancoufly, and the watery 
part remains behind. 

Alcohol mixes with water in every proportion. ITcat is 
extricated durii.g the mixture, which is fcnfible to the har?d, 
even in fmall quantities. At the fame time there is a mu- 
tual penetration of parts, fo that the bulk of the two liquors, 
when mixed, is Icfs than when fcparatc. Conftqucntly the 
fpecific gravity of the mixture is greater tlian the mean fpe- 
eific gravity of the two liquors taken apait. The alcohol 
may be again for the mod part feparatccl from the water by 
dillillation with a gentle heat. See Gravity (fpecific.) 

Ovk'ing to the great afSuity which fubfifts bttween water 
and alcohol, this latter has the power of precipitating from 
their folution various falta diffolvcd in water. Thus, if foinc 
ftrong alcohol be added lo afatuiated folution of Glauber's 
fait in water, a coagulum is iinincdiatcly produced, conlill- 
ing of the fait feparated from the water in a very divided 
form, whilft the alcohol and water form a chemical union. 
This precipitation, however, only takes place in folutions of 
thofe falts which are iufoluble in alcohol. This circumftance 
lias been very ingenioufly applied to the analylis of various 
faliiie folutions, and cfpecially to the examination of mineral 
waters The power of precipitating fome of thefe falts ex- 
tends to very dilute folutions, Mr. Kirwau, in his valuable 
work on minerul waters, lias found by experiment that lele- 
nite may be completely precipitated from water which con- 
tains only onc-thoufandtli of its we ght of this earthy fait, by 
any alcohol whofe fpecific gravity is below o.8jc, For iur- 
ther particulars on this fubjeif, we muft refer the reader to 
the article ; Waters ( Miner ai^ anal^s of). 

Alcohol is capable of uniting with a great number of fub- 
ftancc.i, a circumdance which renders its ufe very extenfive 
in a variety of chemical precedes and in analyds. Thcfe we 
lhall enumerate. 

Some of the weaker acids, fuch as the boracic and tartate- 
ous, arc foluble in alcohol without any apparent decompofi- 
tion, and may be ag?in recovered by evaporating the fnirit. 
The dronger acids, however, exercife a very powerful ac- 
tion on alcohol, and produce feveral very curtoui and im- 
portant compounds, particularly that fingubw liquor called 
Ether. Sec the articles Ether, Oil or Wine, and 
Olffiant Gas. 

All the alkalies, whrn pure, may be diffolvcd tn alcohol, 
but the fixed alkalies, vrhtn combined with ciibonic acid, 


are not foluble in this mendruum. This affords a very con- 
venient method of procuring the caiidic fixed alkalies in a 
datft of purity, and by proper management they may be 
madd to crydallixe from tluir fpirituous folution. The 
colour of a folution of alkali in alcohol is always fumewhnt 
red, however pure the alkali be, which is owing to a partial 
decoinpofition of the fpirit. See the articles Potash and 
Tincture of Salt of Tartar. 

Several of the neutral, earthy, and metallic falts, arc folu. 
blc ill alcohol. It is of fome importance in chemical analyfis 
to afeertaiu the degree of folubility of thcfe falts, and many 
experiments have been made for this purpofe. 

The fird of any importance arc thole of M. Marquer. He 
employed a fpirit reftified fo far, that a phial holding a Paris 
ounce of diliillcd water, at the temperature of 45"" Fahr. 
would contain fix gros and fifty-four grains of the fpirit* 
The falls which he employed were prevloufly dried with care, 
fo as to expel their water of crydallization. He poured 
into a matrafs upon each of the falts half an ounce of the 
fpirit, and fet the veffel in a hot faiid-bath. When the fpirit 
began to boil, he filtrated it while hot, and then left it to 
cool. He then evaporated the fpirit, and weighed tliefaliiic 
rcTiduuma ; and from thefe he inferred the quantity of fait 
which the fpirit had dlffolvrd. 

Tliis method, however, cannot be confidcred as accurate, 
as fome of the fpirit mull liavc evaporated during boiling, 
and fome of the lalt mall have been depofited in the pores 
of ilie filter. Neither would the errors produced in this 
way be uniform, fince it appears that fome falts are, in a 
greater proportion than others, more foluble in hot than in 
cold fpirt. 

Wenzd alfo pnbliflicd a fericsof experiments, in 1777,011 
this fubjcA. He varied the heat which he employed, ac- 
cording to the folubility of the fait. 

He has, however, been guilty of a great omiffion in not 
mentioning the fpecific gravity of the alcohol which he ufed. 
but it may be fuppofed to be nearly the fame as that of 
Macquer. 

I^alily, Mr. Kirwan, with that accuracy for which he is 
fo julUy dilliiiguiilied, has given in his treatife on mineral 
waters, a table of the folubility of certain falts, in which 
alcohol of different dcnfitics is employed, and the tempera- 
ture properly noticed. 

Our renders will find the rcfults of all the above- mentioi\ • 
cd experiments in the following Tabic* 


TABLE 
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TABLE of the Solubility of Salts in Alcohol. 



Macopsa. 

WSHZEL. 


KiawAM. 


Salts employed, all 
deprived of their 
water of cryftal* 
lization. 

Soluble in 288 grs. 
of Alcohol, of 
about o.84fp.gr. 

Soluble in 240 grs. 
of Alcohol, of 
abouto.84fp.gr. 

Soluble in zoo m. of Alcohol, of 
different fpecilm gravity.— -Heat, 
from 50® to 70®. 


Boiling heat ufed. 

Heat various, 
as fpecified. 

Sp. Gr. 
0.9 

Sp. Gr. 
0.872 

Sp. Gr« 
0.848 

Sp.Gr, 

0 - 834 - 

Sp. Gr. 
0.817 


Grains. 

Grains* 

Gmins. 

Grains. 

Grains. 

Grains. 

Grains. 

Nitrated Potafii 

4 

, g 

5 boiling heat 

23 ditto 

214 ditto 

a.76 

10.5 

I. 

5 . 

0 

0 

0.38 

a 

O' 


108 

388 

















■ Magncfia 


240 ai 54 

694 boiling 

100 ditto 
partly decompofed. 
240 at 
decompofed. 

9 An at CA® 






84 













4 

48 





















partly decompofed. 
5 boiling 

0 






Muriated Potalb 

5 

0 

4.62 

6.5 

1.66 

3.67 
4-75 

— 

0.38 

0.5 

1.5 

0 


288 

17 boiling 

240 ditto 

2AO at CA® 














1515 boiling 

2!1.25 

I. 


» 3-75 

a29 
0-43 1 



(dried at 120^ by 
Kirwati.) 



36.13 

0.185 

a32 

so. 

o «9 

0.00 

Ditto, ditto, cryftadlized 
Muriated Iron 

48 

240 boiling 

240 ditto 

240 at 

212 boning 

1 12 ditto' 


— 







Corrofive Sublimate. 
Acetited Soda 

204 

t 

2.4 



A.ve 

4.8$ 

Lead 


240 at 1 13® 

18 boiling 

9 ditto 

4 ditto 

7 ditto 











Arfeniated Potafli 

— 






OxaKc Acidulum 

— 







On esamtmng the comparative refults given in the above 
Tablet we cannot confider them as very fatisfaftoryi and in 
fome inftances we perceive fo linking a difference in the 
refultSt that it muft depend on fome more exteniive caufe 
than mere cafual error. Probably the degree and con- 
tinuance of heat employedt in drying the fait and expelling 
its water of cryftallizationt muft have differed confiderably 
ia the refpeflivie experiments. It would be afelefs to attempt 
to expfattft the caufe of difierenee in all the rcfultSt but this 
Ih^s the great neceflity of attending minutely to every 
particular ia htch experiments. 

The moS important of the falls infoluble in highly refti- 
fied alcohol am the following-^ thefulphats, both of the 
•lh(flif% tarthi and mictals ^ fome of the nitrated metals | 


fpme of the muriated metals ; and the caihonated fixed il* 
kalies. 

A peculiar colour is perceived in the fiame of fome of 
thefe ioluticns in alcohol when fet on fire* The fidution of 
nitre gives a pale yellow j 9 ame» that of boracic acid is a 
faint green, all the folutions of copper bum with a beautiful 
bright green, and thofe of nitratra or muriated ftrontiaA 
fhine with a deep blood red. 

Ammonia, bo^ pure and carbonated, dtffolses readily in 
alcohoL They are generally united by means of diftiOatioAi 
a moderate heat being fuffictent to volatiHax each. Thefe 
combinations are principally employed in pharmacy. 

Alcohol will readily unite with the caibOnic acid gas, 
and win take up full its own bulb of it at a medium tern-* 
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perature. — ^Thc pas, liowevcr, appean to l)ave little or no 
adion on the fpirit, fince it is expelled from it by heat un« 
altered. 

Neither metals, nor metallic oxyds, nor metallic acids, 
appear to be in any degree foluble in alcohol. 

Sulphur will not contrad any lunon with alcohol by fimple 
digeftion either cold or hot ; but when they are botli reduced 
to the form of vapour, and then mixed, a true folution is 
effeded, and the refult is a veiy pungent fpirit with a (Irong 
odour of liver of fulphur, and which becomes milky and de* 
pofits the fulphur on dilution with water. 

Ardent fpirit ads in a flight degree on Phosphorus, and 
diflblves fo much of this inflammable fuhflance as to become 
(lightly luminous in^ the dark when the folution is dropped 
into water. 

None of the pure earths are foluble in alcohol, and this 
latter has the power of precipitating lime, barytes, and 
ftrontian, from their watery folutions. 

It is on the chemical fubllances belonging to the vegetable 
kingdom that alcohol exerts its mo ft powerful adion as a 
folvent, and herein confifts its very (. ..tcnfive ufe in phar- 
macy, in preparing liquors for the table, in fome of the arts, 
and in a very important part of chemical analyfis. 

Moft of the acids belonging to the vegetable kingdom are 
highly foluble in ardent (pint, fuch as the tartareous, the 
citric, the oxalic, and the gallic. In procuring the latter 
from the gall-nut, alcohol lumiflies us with a very elegant 
and commodious method of feparating the acid from the 
mucilaginous extradive matter with which it is' naturally 
mixed. 

The acetous acid, when of the ufual ftrength, Amply mixes 
with alcohol, without producing any dscompofition, but 
chemifts have fuccccdcd in forming an acetic Ether, by 
employing the acid in its moft concentrated iiate. 

Alcohol wilt readily diflblve Sugar. Wensel eftimates 
the quantity at about one-flfth of the fpirit* In all the 
fwcet native vegetable juices, fuch as the fap of the fugar- 
cane and the maple, or the exprefled liquor from the paifnip 
and beet root, the fugar is mixed with a large quantity of a 
mucilage very little foluble in alcohol. This tumiihcs a ready 
method for ieparating the purely faccharinc part, a method 
which is much employed in the analyfisof various vegetables, 
for the purpofc of afeertaining the comparative quantity of 
fugar which they may be expeded to yield to the manufac- 
turer. The folution, when left to fpontancous evaporation, 
yields minute cryftals of fugar, which arc at firft brown, and 
require a further purification. 

Ardent fpirit is an excellent folvent for cflential oils, and 
in general, for the moft odorous and inflammable of the ve- 
getable produdions. In the elFcntial oil of a plant refides 
tkc Spiritus Redor, or the AROMA, that which gives 
the exquifite perfume to the rofc or jeflamine. When thefc 
odoriferous plants are diftilltd with alcohol, it rifes ftrongly 
impregnated with their feent and flavour, and as it takes up 
no colouring matter it remains pcrfcdly clear as before. 
Thus, the common lavender water is alconol diftillcd off the 
lavender plant, and holding in folution the cflential oil in 
which tflie fcent refides. j he DtJiilUd Spirits in phar- 
macy, arc fimilar preparations of alcohol, containing the fla- 
vour of fpices, aromatics, or other fubftanccs with which it 
has been dtfttlled. (Sec Oils Essential). 

All the Resins arc highly foluble in alconol, but fcarccly, 
if at all, in water. THcfe folutions have the peculiar colour, 
«nd acrid tafteof the refin which they contain. An addition 
of water renders them all turbid, and from the pure rrfinous 
folutiona it precipitates almoft the whole of the diuolved 


contents in the form of thick flakes. The folution of guala- 
cum affords an example of this. 

The Gum Resins, which are natural mixtures of gum 
and refin, yield their refinuus part to pure alcohol and but 
little of their gum ; water on the contrary diffblves the gum 
and leaves the refin ; but a mixture of alcohol and water 
will hold both the ingredients in folution. Thcfe prepar?- 
tions arc called Tinctures in pharmacy, and they are of 
confidcrable ufe in containing within a fmall bulk, the me. 
dicinab virtues of larger quantities of the ingredients cm- 
ployed. 

Artificial refins, or Rrjinous Extracts, are alfo made 
by evaporating to dryncU folutions of the refinous parts of 
fevcral vegetables in alcohol. 

Camphor is readily and largely foluble in ardent fpint. 
This folution, when fatiirated, will kt fall almoft the wljole 
of the camphor v^n the addition of water. Camphor alio re- 
markably aflifts the folution of the refins. 

Solutions of refinous fubllances in alcohol form the bafis 
of the fpirit Varnishes, which when .applied in thin layers 
oyer any fubftance, foon dry from the evaporation of the 
fpirit, whilll the refin remains behind furnilhing a fmooth 
thin coating to the furfacc which they are intended to 
proted. 

The fixed oils, when in their fimple Hate, are entirely 
inloluble in alcohol, but they may be rendered foluble in 
this menftruum, cither when they have been converted into 
drying oils by the adlion of metallic oxyds, or when they 
are united with alkalies in the form of Soap. A folution 
of fine foap in alcohol is perfcaiy colourkfs and tranf- 
parent, and will bear dilution with water without be- 
coming turbid. It is employed in medicine as an external 
application, and is alfo a good reagent in the analyfis of mi- 
neral waters to difeover the prefence of earthy falts. Thefc 
dccompofe the foap by double affinity, and produce curd- 
ling. 

The effeft of alcohol on animal fubftanccs bears a con* 
fiderable rcfcmblancc to its operation on the vegetable king- 
dom. ® 

Mufcular fibre and the coagulum of blood arc not foluble 
in this menftruum, but arc rendered by it hard, contradlcd, 
and incapable of piitrefadl*lon. 

Albumen is equally infoluble in alcohol and is coagulated 
by it, probably owing to abftraaion of the water which held 
it in folution. Milk is fpeedily curdled by ardent fpirit 
of every kind. 

Alcohol will diflblve Wax, Spermaceti, Biliary cal- 
culi, and the llrong feented animal refins or rfcfinous ex- 
trads, fuch as Musk and Ambergris. This menftruum, 
however, does not appear to be fo cxtenfivcly applicable to 
the analyfis of animal fubftanccs as of thofc from the veget- 
able kingdom. 

We have already mentioned that alcohol well redified 
may be brought to the fpccific gravity of 0.825 
perature) by a fimple diftillation, where the procefs is flowly 
and carefully conduded, and when only the firft third, or 
half of the fpirit which comes over is taken. Chemifts have, 
however, been able to bring it to a higher ftatc of dephleg- 
mation, and confcqucntly a Icfs fpccific gravity. This is 
done by adding to the fpirit in the alembic or ftill a quantity 
of a fdt which is itfelf infoluble in alcohol, and which has 
fuch a greedy attradion for water as to be able to feparate 
it from the fpirit. Boerhaave recommends for this purpofe 
common fait, hot, dry, and decrepitated. He allows the 
fait ai^d the fpirit to ftand together for twelve hours, and 
then to be heated in a water-bath fo as to diftil off the fpirit 
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by a very gentle warmth* The fait is hTt moift in the ftill* 
anrl contains, much of the wnlcr of the fpirit employed* 
Sonic iTCommuid Ininit alum in tlic room of fait, but the 
bell addition is veiy diy, hot, cnrhonaicd alkali. A highly 
dephh’gmiitcd alcohol may be prepared in this method with- 
out the intermodintc procefa of diltillation, only then the 
fpirit will he of a rcddllh colour, and will contain that fmall 
portion of caiillic alkali wliich is always mixed with com- 
mon carbonatid polalli, and which is Iblublc in ardent fpirit. 
The fi.’UovMiig is Boct}»aave*s procefa ; Take a clean glafa 
body cont«iining common jpirit of wine, and add thereto 
one-third of its weight of pure and dry pota/h, (carbo- 
•* nated jiotalh), whicli inuncd.atcly falls to the bottom. 

Shake the glaf;, and the fait diredly grows moift and 
<< begins to difl’olvv at the huttoin, whillb a red thin liquor 
** floats above it ; the more the volfcl ij fliakcn, the more 
** liquid is the lower part of the fait, and the more diftiiu^lly 
** fcparatcd from the upper liquor, nor ij it ever poflible to 
mix them together, but upon rclling they will immediately 
** feparato into two licpiors.** 

This procefs may be continued, he adds, by decanting 
carefull) tlic upper of the two liquors, (which is the al- 
cohol leddcned by a little caullic alkali that it holds dif- 
folved) and adding to it more carbonated alkali, till the 
portion lull added will no longer become wet on (baking, 
a lign that the alcohol is as fully deprived of water as it 
is capable of being made by means of alkali. As a proof of 
the high dephlegmation of tlie fpirit by this method, it 
may be obferved, that if a drop or two of water be added 
to alcohol in which fait of tartar has long remained dry, 
the alkali immediately becomes moift, and appears to run 
unftuous from the Tides of tlie vclfel. 

If the alcohol be //^/ 7 Ay/ off the alkaline fait with a 
gentle heat, the fu ll part whicii comes over will be about tlic 
fpecific gravity of 0.8 ifj to 0.815, temperature of 

60®, and this is as high a degree of purity as it has 
been brought to in the accurate experiments made in this 
country, by Dr. Blagdcn and others, for tlie puipofc of 
afcertaining its fpecific gravity. ( See Gravity ific , ) 

M. I ^owitz, however, aflerts, that he has brought al- 
cohol to the fpecilic gravity of 0.791, chiefly by adding, 
before diitillation, a very large quantity of alkali fo as al- 
moft entirely to abforb the fpint* ^ 

After diltillatioM, the wet alkaline fait winch is left may 
be dried, and again ufed for the fame purpofc ; but Boer- 
haave afferts, that after repeating the life of the fame 
alkali for a number of times, it becomes changed in its 
nature, and unfit for the purpofe. This would imply a 
decompoiitiun of the alcohol, which deferves to be further 
examined. 

Various lefts have been devifed for afcertaining the 
purity of alcohol, and the proportion of water which it 
contains. A fpirit, wliich is very free from water will, 
when fet fire to, burn away without leaving any rcfiduc ; 
if it is of moderate llrcngtn it will burn for a certain time, 
and then become cxtinguiflicd, and leave a poilion of wa- 
ter more or lefs confiderablc, according to the degree of 
dcphlegmation ; if, on the contrary, it 1$ very weak and 
watery, it will not kindle at all. This teft, however, is 
by no means accurate, fince the heat of the burning fpirit 
wiU drive off part of the water which (hould be left in the 
refiduum. Another teft it, to drop a fn\all -quantity of 
{pint on a fmall heap of gunpowder and kindle it. The 
(pint bums quietly on the lurface of the powder till it 
is all confumed, and the laft portion fires the powder if 
the fpirit was pure, but if watery, the powder becomes 
too damp and will not explode. This teft^ alfo, is very 


inaccurate ; for if the powder be drenched witfi even 
a ftrong f])irit, it remains too damp to be fired } and if 
it be only baiely moiftened, any fpirit that will bum will 
inflame it. A better tell is, ns we have mentioned, to 
(hake the fpirit in a phial with feme diy carbonated alkali ; 
but the moft accurate of all is to nfeertain its fpecific gra- 
vity, and compare it with the denfity of known quantities 
of alcohol and water, previoufly mixed for the purpofc 
of giving a ftandard of comparifon. The very extcnfivc 
and accurate labours on this fubje^l, condu£led by Beattme, 
Blagden, Gouvenain, and other eminent fcicntific men, be- 
long with more propriety to the fubjeiSt of fpeclfif Gravity. 

It remains for us to meution the chemical nature of al- 
cohol, and the appearances ivhidi attend its decompofition. 
The remarkable circurnffatice of a vegetable produ6l burn- 
ing away, without the finallell trace of fmoke or fuliginous 
vapour of any kind, had long engaged the attention of 
chemifts. Junker and Boerhaavc threw much light on 
the fubjeft by remarking, that the produdl of the com- 
buftion of alcohol was always a quantity of pure water ; 
and this fadl w'as more fully illnflrated by the experiments 
of the illiiftrious Lavoilier. The ready evaporation of 
alcohol, and the cafe with which its vapour will fill a large 
veffcl, renders it a dangerous experiment to fubmit a con- 
lidcrable quantity at once to combuilion, in oxygen gas 
confined in any vcflel, but this difliculty was furmoiinted 
in an ingenious manner. His firil experiment was fimply 
to afceitain the quantity of w’atcr yielded by the corn- 
bullion of a given weight of alcohol. This w as performed 
in the following apparatus, contrived by M. Meufmicr, 
Sec Plates of Ciikmistry, fig. 10. 

E F is a worm, contained in the cooler A B C D. To 
the upper part of the worm E, the chimney G H is 
fixed, which is compofed of two tubes, one within the 
other, the inner of which is a continuation of the worm, 
and the outer one is a cafe of tin-plate, which furrounds 
it at about an inch diilunce, and the interval is filled with 
fand. At the inferior extremity K of the inner tube, a 

f lafs tube is fixed, to which is adopted the argand lamp 
. M, for burning alcohol. 

Things being thus difpofed, and the lamp being filled 
with a determinate quantity of alcohol, it is fet on fire ; 
the w'atcr wliich is formed during combuilion, rifes in 
the chimney K E, and being condenfed in the worm, 
runs out at its extremity F, into the bottle P. The ufc of 
the outer tube G H, and of the fand between it and the 
inner tube, is to prevent the latter which proceeds from 
the worm, from being cooled during combuftion, which 
would occafion the water, formed by the burning, to full 
back on the lamp inftcad of pafiing on into the worm. 

This apparatus though not perfeCl, has the advantage 
of enabling the cliemift to operate w'ith larger quantities 
than can be admitted in tlie more accurate experiments on 
combuilion, and by it, the above-mentioned ciicmifts were 
able to eftablifh the important fail, that the quantity of 
water collecled by the combuftion of alcohol nyny ffnfihfy' 
exceeds the quantity of the alcohol which is confumed. The 
produA of water muft vary according to the ftreng^h of 
the alcohol, and the care of conducing the experiment % 
but it is fo confiderable, tliat from (ixteen ounces of ar- 
dent fpirit, Lavoifier obtained eighteen ounces and a half 
of pure water. There is befides, however, a large quan- 
tity of carbonic acid produced in this experiment which 
cfcapes, and cannot be eftimated by this apparatus. Some 
of tnis gas unites with the w^ater which is coUcAed, and 
caufes it to precipitate lime-water. 

Having wus afccitained in a general way the prodiiAs 
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of the combuilion of alcohol, Lavolficr proceeded to re- 
peat the experiment, in vefleU which might determine the 
re^’ult with accuracy. He employed, for this purpofe, a 
large btll glafs, holding from 700 to 3oo cubic inches, and 
inverted over a mercurial trough. A fmall lamp, filled 
with a known weight of alcohol, was introduced under 
the gkfs fwimming on the furfacc of the mercury, and 
the wick was aimed with a very minute portion of phof- 
phorus. The atmofphc.rical air within the glafs was 
fucked out by a fyphon, till the mercury rofe to a certain 
height which' was noted; and the phofphorus on the wick 
being then kindled by a hot iron, the fpirit foon took 
fire. As the air within the glafs would be foon confumed, 
and the inflammation of the fpiiit flopped, a coiiflaiit 
fupply of oxygen gas wds fent into llie glafs through a 
fyphon tube, connetled with a refervoir of this gas, and 
which palTed under the mercury into the glafs where the 
combuflion was going on. Great precaution was requiicd 
not to let in more oxygen than was barely ncccffaiy to 
keep up the comhullion ; otlierwife the htat, volatiliz- 
ing part of the fnint, would liavc filkd the glafs with 
vapour of alcohol, and this mixing with the oxygtn, 
would have fuddcnly exploded by the combulHoii. In 
this, as in other refpedts, the combuflion of alcohol 
ttrikingly refembles that of pure hydrogen gas. The ex- 
periment was at laft flopped by the quantity of carbonic 
acid generated ; and on tx«iminiiig the rcfults, (pniper cor- 
reftions being made for prtffnre and tuupcialnrc) it was 
foifnd,' that 93.15 grains of alcoliol and 110.52 grains of 
oxygen had been confnmed. "I'he prodiufls of tbefe were 
9,3.8 grains of carbonic aeid and io^>.2 grains of w'atcr, 
which lall therefore exceeded by 12.7 grains the quantity 
of alcohol employed. From theft data, and from previous 
experiments (wherein I^avoificr tfliniatcd, that iod grams 
of oxygen take up 3S.S8 grains of carbon, for the pro- 
dudion of carbonic acid gas ; and tliat the fame quantity 
of oxygen takes up 17.6^ gtaiiis of hydrogen for the pro- 
cludion of water), he concluded the cumpolition of alcohol 
to be the follow’ing, 

Carbon - - - - - 28 ^ 3 

Il\drogen 7* '^7 

Water already cxifling in the alcohol 6,3. 6 

100 

We may obferve, however, thut the refult of this experi- 
ment can only be conlidcred as an approximation towards the 
truth, lince the tfliniatiou of the component parts of alcohol 
here given, does not agree with that which is deduced by 
the fame chemifl, from the refult of vinous fermentation. 
Neither is there any light thrown on the mode of union be- 
tween the component parts, and tlwir degree of oxygenation 
as they cxift in the fpirit before combuflion. 

Alcohol has likewife been more diredUy dccompofed 
w'ithout the acceflion of oxygen gas. Dr. Prieflley pro- 
cured inflammable air by pafling the clcdiic fpaik through 
(pirit of wine. But the moll ilriking experiments on this 
(ubjed, performed by this excellent philofophcr, were the 
dccom puli lion of fpirit by pafTmg it through red-hot 
tubes, both of earth and metal. He firft tranfmitted two 
ounce meafures of alcohol, reduced to vapour by boiling, 
through an ignited porcelain tube, and procured 1900 
ounce meafures of air, which was all inflammable without 

any mixture of fixed air in //, and which burned with 
<< a blue lambent flame.** (We here quote the very words 
of the author, which the writer of the article Alcool, in 
the Encydopet&e Methodique^ has made to correfpond with 
the experiments of Lavoificr, by adopting the following 


Angular tranflation-~^. PrieJIley^ en faifant pajfer de Palcoot 
dans un tube d*argtle rougi au feu^ en a retire du gas hydro ^ 
gene mele de gaz acide carhonic^ue.) Dr. Prieftley's next 
experiments are dill more curious, as they determine the 
cxiftcncc of carbonaceous matter in fpirit of wine. Hav- 
ing found iritcreftirig rcfults from tin tranfmilTion of the 
vapour of water through a heated copper tube, he repeated 
the experiments, only fubflituting the vapour of fpirit of 
wine for that of water. “ In this cafe,** he ohferves, 
“ the vapour of the fpirit had no fooner entered the hot 
“ copper tube, than I was perfedlly aflouiflied at the rapid 
“ produdlioo of air. It referrblcd the blowing of bel- 
** lows. But I had not uftd four ounces of the fpirit of 
“ wine before I very uittxpedhdly found that the tube 
“ was perforated in fevcral places, and piafcntly afterwards 
“ it was fo far deilroyed, that in attempting to remove 
“ it from the fire, it adlnally fJl in pieces. The infide 
“ was full of a black footy matter, teftvihVwg lamp-black 
He thin vn’itd the experiment by iifing earthen tubes, 
placing wilhiu them copper filings, and tranfmittirg the 
vapour of alcfdiol. 'riic copper v.a'^, as before, converted 
into a black friable fubfl.-ucc, obvioufly produced by the 
addition of carbonaceous rnatlcr furiiiflicd by one part of 
the fpirit, whilil the other part appeared in the form of a 
copious flream of inflammable air. It is however by no 
means the whole of the charcoal of the alcohol w'hich is 
detained by the copper, for much of it efcapte mixed with 
the inflammable air in the form of fine foot, giving the 
gas the appearance of a denfe black cloud ; and when 
the tube is flrongly heated, this volatiliztd charcoal whll 
give an uniform black coating to any balloon or larpc vcfltl 
in which the gas is received. Dr. Fricftley found fome 
other metals to undergo a firnilar change by the vapour of 
alcohol, but none iu fo flriking a manner as copper. On 
heating fume of this charcoal of copper^ as he calls it, in 
oxygen gas, he found it to burn very readily to a certain 
point, after which the remainder could not be again kindled. 
The gas produced by the combuflion wjus pure fixed air or 
carbonic acid. 

The excellent Dutch chemifts, of the Teylerian inflitu- 
tion, Van Mariim and collengues, repeated Dr. Prieflley*s 
experiments with great accuracy, and found the fame rcfults 
in every cUcntial particular. They employed, as well as 
Dr. Pricflley, Wedgwood's porcelain tubes, which they in- 
clofed in iron tubes to prevent the fiuiden a^lion of the fire 
which is apt to crack them. One ci;tremity of the earthen 
tube received a fmall retort in which was put the alcohol, 
and the oilier entered a metallic, ferpentine tube, immciTed 
in a refrigeratory, and provided at the further end with a 
bottle to receive the gafeous products. In the firfl experi- 
ment which w'as performed, an ounce and a half of alcoliol 
in vapour had been tranfmitted through the heated copper, 
and had produced about fix cubic feet of inflammable 
air. 

In the fecond experiment the heat was greater, and the 
production of the gas more rnpid. In all, the copper was 
reduced to a black «nd very friable fubllance, which fell to 
pieces b/rtween the fingers. The proportion of charcoal 
added to the copper by the experiments, varied at diflerent 
times apparently owing to the greater or lefs rapidity with 
wliich the procefs was conduced. Dr. Priettlcy had united 
446 grains of charcoal to 28 of copper, in one inflance ; 
and 50S to 19, in another: but the Dutch chemifls found 
a much lefs proportion of charcoal, being only an addition 
of 292 grains to 74H of copper iu one cafe, and in another, 
180 of charcoal to 61 z of the metal. The great difference 
io the refults is, however, of little confequeuce in attempt- 
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in^ to afcertaln by tbcfe experiments tbc exa£l proportion 
of the component parts of alcohol, fincc a large part of the 
carbonaceous ingredient efcapes the copper, and pafles over 
into the vcflels wliich receive the inflammable air, where it 
either appears in the form of a fine black foot, or remains 
permanently united with the hydrogen gas. M. Van Ma- 
rum bkewife collerted in the bottle connedlcd with the ftr- 
pentinc a quantity of nearly pure water, about equal to half 
the weight of the alcohol evaporated by boiling, and of the 
fpccific gravity of .996. He does not inform us of the 
llrength of the fpirit wliicli he ufed. He confirmed the 
other part of Dr, Priolt ley’s experitnent by burning the 
charcoal of copper in oxygen gas, and procuring pure car- 
bonic acid, vhilil: the remaining copper liill retained a fmall 
portion of carbon which could not be confumed. It is 
worthy of remark, that the inflammable air produced in the 
experiments of both thefe eminent chcmills was found to be 
not much more than twice as light as common air, and it 
probably bears a confiderable refemblance to that fpecies of 
ga:>, termed, with great propriety by Mr. Cruikihank, 
G of cons Oxyd of Carbon. 

The vapour of alcohol tranfmltted through earthen tubes 
forms, in particular circumflanees, that fingular air which 
has bee.i named Olefiant Gas. 

The ufes to which alcohol is applied arc numerous and 
important. In the arts, it is employed largely as a folveut 
for thofe refinous gums which form the balls of numerous 
varnifhes and limilar applications. 

It poireffes in the highell degree the cordial, ftimiilating, 
and intoxicating qualities of all dillillcd fpirits, and although 
the lefs powerful and more grateful of the fpirituous liquors, 
fuch as rum, brandy, &c. are more peculiarly devoted to 
tlie ufe of the table, the purer ardent fpirit, again fufficicntly 
diluted with water, is employed as the balls of many of tlie 
artificial cordial fpirits and liquors, to which a flavour and 
additional talle are given by particular admixtures. Similar 
to this is the ufe of alcohol in medicine, wliere it ferves as 
a folvent for the more active parts of vegetables, under 
the form of tinctures, and it is affo employed as an external 
application, often with confiderable fuccels. 

The highly antifeptic power of alcohol renders it par- 
ticularly valuable in preferving particular parts of the body 
as anatomical prepaiiitions. 

The gentle, Heady, and uniform heat which it gives during 
combullion, and the abfcnce of fmoke or fuliginous vapour 
of any kind, make it often a molt eligible mate! lal for burning 
in lamps. 

As a fluid for thermon^eters, it has the advantage over 
mercury in not free/nng in any kr.own degree of ci»ld, but 
from its ready volatility in a mudci-ate heat it cannot 
be depended on with any accuracy, above 90 or 100 de- 
grees. 

The expanfibility of alcohol is much greater than water ; 
the former being, in a itingeof temperature from 30 to 100, 
■i'jth of its bulk, and the latter only -^4 ,tli. 

The ufe of alcohol in chemical a lalyiis has been already 
mentioned. As a folvent for foinc of the earthy and metallic 
falts, and a precipitant of others, it is peculiarly fitted lo uililt 
in the analyfis of minerul waters, and lalinc fubilanccs in 
general ; and in the chemical examination of vegetable and 
animal matter, it furnilhes a folveut of very extcufive power, 
pofTelfed of the valuable advantage to the chemill of pro- 
ducing but little decompofition in tiie fubilances wludi it 
holds in folution, and therefore enabling him to prefent them 
almoil exaftly with their native properties and diilinclbe 
charaders. 


Boerliaave’s CliemiHry, vol. ii.— Encyclopedic Metho- 
dique Art. Alcool. — Pricillcy on Air, 2d edition.— •Aniiaies 
De Chimie, tom. xxx. 

Alcohol is fometimes alfo ufed for a very fine, impal- 
able powder, which women in the £all make ufe of as a 
ind of /i/rwx. Kohol is a general tenn applied to a fub- 
ftance applied to the cyc-ball, on the infidc of the eye-lids* 
in the form of a powder finely levigated. That w'hich is em- 
ployed for ornament is called fim|ny al kohol, or ifphahany ; 
when other ingredients, as flowers of olibanum, amber, and 
tlie like, are added, on account of fomc particular difordtri* 
the kohol is diilinguilhed by fome appropriate epithet. Dr. 
Shaw, in his Travels, fpcaking of the women in Barbary* 
fays, that none of thefe ladies think themfelves completely 
dreffed, until they have tinged their hair and edges of tlicir 
eye-lids with aUla-hoU the potvder of lead-ore. Lady Mon- 
tague (Letters, vol. ii. p. 32.) takes notice of this cuftom 
among the Eaflern women; and in her fprightly manner, (he 
fiippofcs our Englifh ladies would be overjoyed to know this 
fccret. This ore ufed at Aleppo, called Stibium by the 
ancients, but very different from antimony, is brought from 
Pcriia, and is prepared by roafling it in a quince, an apple* 
or a trufRe, then adding a few drops of oil of almonds, it 
is ground to a fubtile powder on a marble. Of late years 
the lead ore, brought from England, under the name of 
Arcifoglio, has been ufed inflead of the ifphahany. The 
quantity of kohol confumed in the Eaft is incredibly great. 
It has been faid by one of their poets, in allufion to the 
probe ufed for applying the powder, and the mountains 
where the mineral is found, “ that the mountains have been 
worn away by a bodkin.*' This probe or bodkin, called 
mcel, 13 made of ivory, filver, or w’ood; it is dipped in 
water, and when a little of the pow der has been fprinkled 
on it, it is applied horizontally to the eye, and the eye-lids 
being fluit upon it, the probe is drawn between them, leaving 
the infidc tinged, and a black rim all round the edge. The 
Roman Satyrill alludes to this cuftom, as well as that of 
blackening the eyebrows : 

“ Ilia fiipcrcilium madida fuligine taftum 
Obliqua producit acu, pingitquc trementes 
Attollens ociilos.*' 

Juvenal, Sat. ii. v. 67, and Cafaubon's note. 

The kohol is alfo ufed by the men for ftrengthening the 
fight, and preventing various diforders of the eye, for which 
purpofe different ingredients are occafionally added. It is 
alfo applied to tlie eyes of children, as loon as they are 
born, and is renew^ed at the interval of a few days through 
the feveral periods of their adolefccnce. The ufe of the 
kohol is of very ancient date. Paffages relative to it, in 
facred hiftory, may be feeii in bhaw', (Travels, p. 229.)* 
Hanuer, ( Obfervations, vol. ii. p. 405.), and Lowth's Notes 
on Ifaiah, chap. iii. v. 16. Hairner conceives that the rctU 
nefs of the eya^ as it is in our verfion, which the ‘dying pa- 
triaren mentions in blelfiug Judah, (Gen. xlix. J2.), is to be 
explained by thi^* ufage. Dr. Ruflell obferves, on a paflage 
in Xenoplum refened to by Shaw, thatblackeuiug tlie eyes, 
though a cullom among the Medes, was not at that time in 
ufe among the Perfians ; for C’vrus, among other tilings, 
feems to have been furprifed at the painted eyes of hi» 
grandfather Aflyages. Cyropofd. lib. i. p. 8. See Ruf- 
iell’s Aleppo, vol. 1. p. iii, p, 567. Ed. 179+- From this 
impalpable powder the name vvas transferred to other fubti’e 
powders, and aftcrw'ards to fpirits of w'i«e exalted to its 
higlu’il purit y and perfection. See Por p h Y r isat ion . 

Alcohoi. , lu tjjc Arabian jf/lro/ojiyf is when a heavy 
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(low-paccd planet receives another lighter one within its orb^ 
fo as to come in conjunftion therewith. 

Alcohol Martis^ filings of ftecl reduced to an impat* 
pable powder, by turning it into ruft with urine, then levi- 
gating it, and mixing it with a large quantity of water ; 
that is, about a gallon to two pounds and a half of filings. 
After it has flood a quarter of an hour, the upper part of 
the water is to be poured off, and evaporated to a drynefs. 
The powder at the bottom is to be put into a paper, in the 
form of a fugardoaf, and walhcd, by gradually pouring in 
hot water, till it is freed from the urinouf falts. With re- 
gard to the remaining grofs powder, the fame procefs is to 
be repeated. 

Mufgrave has a great opinion of this preparation, as a 
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remedy to bring back the gout from the nobler parti to the 
joints. He preferibes it thus : take of alcohol martit from 
five to ten grains, tberiaci jlmlromachi from half a fcruple 
to one dram, mix^ thefe with as tnuch fyrup of clovc-july- 
fiowers, as is fiifficient to make a bolus. 

ALCOHOLIZATION, in Cbmj^ry^ the rcdification 
•of a vinous fpirit. 

This is otherwife called alcolizaflon. 

Alcoholization, according to Starkey, denotes the cir- 
‘cuition of a volatile fpirit on a fixed alkali, till fuch time as 
out of the two arifes one ntuiral body different from both the 
former. Alcobolizaikn is one way of volatilizing alkalis. 
Alcoholization is alfa ufed for pulverization. 



Ale 


Ai.Ff a popuW fermented drink, made from malt and 
flops ; and chiefly diding^iiiflied from beer, another potable 
liquor made from the f*n\e ingredients, by the quantity of 
hops ufed therein ; which is greater in beer, and therefore 
renders the liquor more bitter, and fitter for keeping. For 
the method of brewing ale, fee Brkwing. The brewers 
alfo dillinguifh pale, or fine ale, brown ale, &c. Their fe- 
deral properties, See. fee under y[\hT'IAquor. 

The art of making an infufion of corn, and particularly 
of barley, fimilar to our ale, feeirs to have been known and 
pradBfed in very ancient times among thofe people who lived 
in climates that did not afford grapes*. It fcem‘j to liavepnfftd 
from Eg' pt int(» tfiofe vvelUrn ualions, winch were (eitkd 
by the colonies that ndgrated from the ea:K I’he zyt!»uin 
and curmi, mentioiud by Tacitus, as the beverage <if the 
ancient Germans, art fuppofed by Matthiolus to correfpond 
to our ale and bee. Diodorus Siculus fays (lib. iv. c. 26. 
tom. i. p. .I.'jo.) that the Gauls, who livtd in a ct untry that 
produced ntilher giapes nor olives, made a (Irong I'qnor of 
barley, which they called Zythus. Ti e natives of Sprin, 
the inhabitants or France, and the aborigines of liiitain, ufed 
this liquor, under the different appellations of caelia and ceria 
in the firft country, of ccrcvifia in the fecond, and of curmi in 
the laft ; aU which names literally denote the Jlrov^ ru’afrr. 
After the introduction of agriculture into this ifiand, ale 
or beer was fublUtuted for mead, and became the inoft ge- 
neral drink of all the Britifli nations which pradifed that 
art, as it had been of all the Celtic people on the continent. 

All the fevcral nations, (fays Pliny, H. N. xiv. 29. tom. 
i. p. 729.) who inhabit the well of Europe, have a liquor 
with which they intoxicate ihemfelves, made with com and 
water, fnt^e vtadula. The manner of making this liquor is 
fomewhat different in Gaul, Spain, and other countries, and 
it is called by many various, names ; but its nature and pro- 
pertics are eveiy where the fame. The people of Spain, in 
particular, brew this liquor fo well, that it will keep good 
for a long time. So exquifite is the ingenuity of mankind 
in gratifying their vicious appetites, that they have thus in- 
vented a method to make water iifelf intoxicate." The 
manner in which the ancient Britons, and other Celtic na- 
tions, made their ale is thus defenbed by Ifidorus, fOrig. 
lib. XX. c. 2.) and Orofius, (lib. iv. p. 259.), cited by Henry 
(Hift. of England, vol. ii. p. ,964, 8vo): “ the grain is 
fteeped in water, and made to germinate, by which its fpirits 
are excited and fet at liberty ; it is then dried and ground ; 
after which it is infufed in a certain quantity of water; 
which, being fermented, becomes a plcafant, warming, 
ftrengthening, and intoxicating liquor.” This ale was moll 
coipmonly made of barley, but (ometimes of wheat, oats, 
and millet. Gcopon. lib. vit. c. 34. p. 203. This liquor is 
of fuch antiquity in England, that we find mention of it in 
the laws of Ina, king c? Weifex. Ale was the favourite 
liquor of the Anglo-Saxons and Danes, as it had been of 
ihesr anceftors, the Germans. Tacitus, de Mor. Germ. c. 
23. Before their converfion to Chriilianity, they believed 
that drinking large and frequent draughts ot ale was one of 
she chief felicities which thofe heroes enjoyed who were ad* 
milted into the hall of Odin. Amongfl the liquors provided 
for a royal banquet, in the reign of Edward the ConfefTor, 


ale is particularly fpecified. In Scotland and Wales they 
had two kinds of alt, called common ale and fpiced ale ; 
and their value was thus afeertained by law : if a farmer 
hath no mead, he fhall pay two calks of fpiced ale, or foureafks 
of common ale, for one calk of mead.” By this law, a calk 
of fpiced ale, nine palms long, and 18 palms in diameter, 
was valued at a fuin of monev equal in cfFe£l to 7/. lox. of 
our prefent money ; and a esfk of common ale, of the fame 
dimcnfions, at a fum equal to 3/. 15/, Hence, it appearsi 
that common ale was at tlii^ period an art’cle of fuxniy 
among the Wtlfli, and th.it it could only be obtained by tfic 
great and opulent. Wine at this time ftems to have been 
iinknov^ii even to the kings of Wal' s, as it is net mcrticv.'.cd 
in their laws ; though Giraldiis CaniLicnfis, who flouriflicd 
a century after the corciiiell, informs us, that there was a 
vineyard in his time at blaciii'.rper, uear Pt mbmkt*, in Soiitl - 
Wales. Henry’s Hill. vol. iv. p. J93. By a ih tute of 3 ; 
Henry III. in 1272, mtr.tioncd by Hume fHifl. En't. vol. 
ii. p. 224.), a brev. er was allowed to fell t .vo gai!(V!{, uf a!c 
for a penny in ciiies, and tliree or four c.allenji for the ffiii.e 
price in the country. B it the tiift allize cf ;.le war. fixed 
by the fairous St.it. /; i Hu'ry ll. 

*^rhc followMig method. i'Di* prefeiving (d..* fiom tururr" foi \ 
in longvoyagts, was firtl pnbliJiud b) l)'*. Mtnbbs (Phd.'I'iai.r, 
.7.), and txpcrici. CL has evinced i s u'iilt}. 'I'o cv^sy 
nitilet of live galh)ns, aficr Icing placed in a cafk o!i Ihqj 
board not to be lliried any more, ^)nt in two iicw laid eg;;3 
whole, and let them lie in it. In a fortnight, ora little more, 
the egg-fliells will be entirely dilVolved, and tlie eggs become 
l:ke wind-eggs enclofed only in a thin Ikin ; after this tlie 
white is preyed on, but the ytdks arc not touched or cer- 
rnpted ; and by ihcfe means the ale has been fo well pre- 
ferved, that it was four.d better in Jamaica than at Deal. 

The duties on ale and beer make a ctinfiderable branch of 
the revenue in England. I’hey were firll impoied in *<*»43, 
when the excife was firll tilablifliLd, again by Car. II. and 
have been contiinud by fevcral fubkquent adls of parliiimeiit. 
By4J Geo. III. c. 67, for every bariLl of beer or ale, 
above 16 fliilliiigs a baiTtl, (txelnfivc of the duty hereby im- 
pofedyand not being two-penny ale, nor table beer, (the brew- 
er (hall pay ten fliillings ; and for every barrel of table beer, 
or beer or ale of j 6/. the barrel, or under (exclufive of the 
duty), two (hillings; and for every barrel of two-p<nny ale, 
(deicribed in the feventh article of the TTnion with Scot- 
land) four (hillings and tvvo-pencc. The allowance for walle 
fliall be tliicc gallons out of 3") gallons, which fliall be 
reckoned a barrel of beer or ale mack* by common brewer?. 
The faccharine matter extradled from the farinaceous 
feeds, of which ales arc made, and fubjecl'd to a fci menta- 
tion analagoas to that of wnne, impart.^ to our ales a quan- 
tity of alcohol ; and they have, therefore, in general, the 
cordial, exhilarating, intoxicating, aiid fedative qualities of 
wine. But tlieir cflTeA, in thefe refpe^ls, depends partly 
upon the quantity and condition of the faccharine matter 
that is employed, and partly upon the management of tlie 
fermentation to which they are fii!*je^ed. Barley is chiefly 
employed for the purpofe of making ales, though it might 
be prepared from any of the cerc/ilia ; and this feleAion is 
very properly made, becaufe its germination is moll eafily 
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coiiduAtd, and under its germination it gives out its fiigar 
moft readily, and in grcalell quantity. Ales, made in the 
ordinary manner, will be ftronger or weaker according to 
the quantity of the faccharinc matter that is ufal ; and this 
will be greater or Icfs according to the quantity of well- 
ripened farina in the barley that is employed, according to 
the mode in which it is malted, according to tlie proper and 
complete extraftion of the faccharinc matter by water, and 
according to the diffipalion in a greater or lefs degree, of a 
quantity of the fupermious water. The other qualities of 
ales, befides their itrength or wcaknefs, will depend upon the 
conduA of the fermentation. As the infufion of malt or 
wort is not fo well difpofed to fermentation as the juices 
of fruits, it will require the addition of a ferment ; and af* 
terwards the conduA of the fermentation will be very much 
the fame with that of wines ; at firft very aitive, and then 


flowty protracted fora lung lime; but, however ale is ma^ 
naged, its fermentation is not fo capable of being rendered 
fo complete and perfect as that of wine. In inolt ales there 
is prol)*hly a large portion of nnaflimilaled farinaceous mat- 
\'i\ which of conrfc renders ales more nonrifhing than 
wmes, and they arc, estevU panhus^ more liable to acefcency 
in the ftonvjch than wines. It has been commonly fup- 
pofed, that tlic vifeidity of w'orts is never entirely correfted 
l>y the fermentation ; and thertforo tliat ales arc more apt 
tlian wines to fill the veflcls of tlic human body witli vifcld 
fluids ; but Dr. CiillwMi tliinks tliat this circumfbncc dc- 
ferves little attention, as it is probable that the power of 
the gaffric fluid, and of the fennentation winch happens in 
the fiomach and intcftincs, reduces the whole nearly to an 
equality in refpcdf of fluidity. Cullen’s Mat. Med. vol. i. 
p. 418, 5cc. 



Alkali 


ALKAl.I is the generic term for an order of falts of 
the bigheft importance, and the moft familiar ufe in cite* 
miftry. 

AliaTt it a word of Arabian origin, and it was employed 
by the Arabian chemillt and phylicians to expreft the fait 
which was procured from the affles left after the combuHion 
of fevcral vegetables, particularly the fait ktdi of the defart, 
and feveral plants growing on the fea (horei The fare fait 
Udfefoona native in immenfe quantities, mixed with fra 
fikit, in the waters and on the fhoresof feveral lakes of Low- 
er Egypt, and hat been known from time immcinoriiil. by 


the name of nalren, or the m/re of the ancients. 'I'he Greeks 
and Romans were equally familiar with the alkaline fait ron- 
taioed in vegetable aibes, uhich waa termed lixiviary afhea 
{fixiviu! emu, Plin.), whence the name of nlla/we ley, liximm, 
or lixmar;^ fab, which is dill retained. The ufe of the 
word alkali was at firft confined to the fait which wai yielded 
by the fixed or incombuftible alhea of vegetables ; but the 
vo/tf/i/e fait, which rifes in dillillatidn of vegetable, and cfpe> 
dally of animal matter, having been found to poffefs fimilar 
chemiad propertiei with the fixed lixiviary fidt» m the moll ef* 

featial 
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fcntial particuIafBi the refpeftivc appellations of fixed and vd* 
ht'de Mali have long been adopted by chemifts. For the 
account of the procefs of procuring thefe falts as an article 
of commerce^ for their natural hillor)', and other particulars, 
we (hall refer the reader to the words Potash, Soda, and 
Ammonia. 

The properties common to all alkalies are the following ; 
they have a highly acrid tafte, which ads witli fo much energy 
upon the tongue as to produce the fenfation of burning, and 
unlefs they arc much diluted, they very foon corrode the 
thin Ikin wliich covers it, and produce a linall efehar or dead 
part, which, for a time, leaves a flight fore on that fcnfible 
organ. They have an unduous feel to the finger, not from 
any oily nature in the alkalies, but becaufe they diredly dif- 
folve the furface of the fkin, and produce a kind of foap. 
They effed a remarkable change on fc\cral vegetable colours. 
The red of rofes, and the blue of vioh ts, arc turned by them 
to a dull green ; the red of archill or litmus, to a blue ; the 
yellow of turmeric, the light brown of jalap root, liquorice 
root, and of many other roots and woods, are all rendered 
much deeper in colour, approacliing to a brick-red. They 
unite with fulphur, forming compounds whicli have the pro- 
perty of abfbrbing the oxygen from atmofphcric rfir, and, 
when moifiened, of giving out a peculiar fetid gas. Thefe 
compounds have been denominated alkaUne hepars^ or //W/v, 
and in the modern nomenclature, They have a 

very powerful ad ion on almoft all vegetable and animal mat- 
ters, producing fpeedy diforgani/ation, and diflblving them 
into a thick pulp. With oils they form the well-known 
compound, foap. They are largely foluble in w^ater, giving 
out lieat on union with this liquid. They unite with every 
acid, and produce neutral falts of various degrees of folubi- 
lity ; in which, when the contents arc mutually faturated, 
the difiinguilhing properties of both acid and alkali are neu- 
tralized, and no longer to be perceived. Owing to the veiy 
firong affinity which they bear for acids, tliey decompoie 
the acid folutions of all metals and mod earths. Thefe are 
the mod charaderidic properties common to 4itf alkalies; 
but there are others which are coufiaed to one or other of 
the tw'o fpecies. Thefe we (hall enumerate^ referring the 
reader for more particular information, to the individual ar- 
ticles. 

The VoLATiLR Alkali (Ammonia) is diftinguifhed, (as 
its name implies) by its volatility. The pured form in which 
it is known to us is that of a gas» which is permanent at 
any degree of cold that has ever been applied to it, and 
unites readily with water in large quantity, from which, 
however, it may be ag^in expelled by a heat much below 
boiling. It has never been procured in a folid form, unlefs 
combined with fome other fubdance ; nor as a Kquid, except 
by its union with water. It differs remarkaUy from the 
fixed alkalies in having a very pungent fmell, which highly 
dimulates the noftrils, and excites coughing and tears. Ow- 
ing to the cafe with which it affumes a galwus fi>rm, it is in- 
capable of uniting with many fubftanees which the fiised id- 
k jies will diffolve, when aifided by fufion in a ftrong heat. 
The volatile alkali is weaker in all its affinities than the fixed. 
It is aUb the only one which is decidedly proved to be a com- 
pound fubdance ; the nature of its coniUtuent parts (which 
are hydrogen and azote) having been afeertained by nume- 
rous experiments both of fynthefis and analyfis. See Am- 

MON4A. 

The Fixed Alkaueb, (AlkaR fuerh^anit^es^ Lau7tn^ 
fak,^ Gtrm^Alcafi fiffo Ital.) arc the proper /wrwaiy alkalies, 
or thofe that are procured by lixiviation of the afhes of burnt 
vegetables. They may be obtained in a very pure folid 
form, cither crydallized, or as a limplc concrete. Befides 
the properties which have been mentioned as common to all 
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alkalies, thefe poffefs confiderable fixity in fire, and at a red 
heat they run into thin fufion. A higher heat, however, vo^ 
latilizes them, and they fly off in feniible vapour. The fixed 
alkalies, when in fufion, w lU readily diffolve filiceous earth itw 
to the perfe611y homogeneous tranlparent compound, glass. 
They alfo w'ill diffolve by heat all the metallic oxyds, and 
thereby receive various tints. They aflid in the fufion of all 
earthy and metallic admixtures, ana their degree of fixity in 
the fire enables them to combine more intimately than the 
volatile alkali, with fulphur, phofphorus and charcoal. 
When pure and folid, they arc remarkably deliquefcent, ab^ 
forbing water from cverj' furroundtng medium ; and hence 
they have been ufed by chemids to render the air of any vef- 
fel m which they are confined, perfectly dry. The fixed al- 
kalies tore two in number, potash and soda, the former bcw 
ing procured from the afhes of all vegetables except marine 
plants, and a few that gn>w' near the lea fliore, which yield 
the latter alkali. The fiirmcr is alfo termed the vegetable 
alkali, and the latter, (owing to its being fometimes found 
native in the earth), is called the mineral alkali. The gene- 
ral propeities of thefe two alkalies w^ere long known, and 
they were long employed in various arts, before the circunw 
dances by which they are diflinguifiied were w'ell afeertainedr 
and their feparate exidence edablilhcd. The clofe refem- 
blance which they bear to each other when pure, and the 
fimilarity in all their mod remarkable chemical properties, 
prevented a proper didin6\ion between them ; and it wvls 
chiefly by the refearches of Pott, Dnhamel and Margraaff, 
that the nature of the two alkalies was fuUy explained. The 
two neutral falts with which the older chemids were the mod 
familiar, nitre and fea-fak, have for their bafes, the former 
the vegetable, and the latter the mineml alkali ; and it was 
principally by enquiries into the properties and decompofition 
of thele neutral ialtsthat the didindt nature of their alkaline 
bafes was decided. 

Potafh and foda differ from each other in the drength of 
their affinity with acids, which is greater in the former ; in 
fome flight variation in their action on oils and animal fats ; 
but chiefly in the neutral falts which they form with the 
acids, which in all cafes differ in form of crydallization, in 
folubility, often in tadc, and in feveral other particulars. 

The intimate nature of the fixed alkalies is dill unknowai 
to us. From the very drong analogy with the volatile al- 
kali, the component parts of which arc fully edablidied, it 
mud be confidered as highly probablc tbat the fixed alkalies 
are compounds, though their decompofition has not yet been 
effefted by any experiments which can be allowed to be un- 
exceptionable. Fixed alkalies have been fiippofed to be ye- 
nerated by the procefs of combadion of vegetables ^ fince no 
plants, even thofe whofe afhes yield the mod of this falt> 
contain before combudion any fcnfible quantity of uncom- 
bined alkali. The accurate an^yfes of feveral of the modem 
chemids have however dete6led, in the native juices of plants, 
feveral neutral falts, whofe alkaline bafes are united to an acid 
which is eafily dedrudible by fire. But foe this, and other 
fipcculationa on the natuie of the fixed alkalies, we (hall re- 
fer Ihc reader to the article PpxASH. 

Alkal-i fCauJlk or Pure). The alkaline fait procured 
from vegetable -aihes, befides bring mixed with other falts, 
'and with earth, is always faturated more or Icfs completelv 
with fixed air, or earbomc acid ; fo that the fixed alkali whicn 
was the fubje£f of the experiments of all the chemids, till 
within a few years, was a fait compounded of carbonic acid 
and the alkaline bafis. The beautiful experiments of Dr. 
Black fiilly iUudrated this point, and (hewed, that the reafoo 
of tlie greatly increafed caudicity of alkalies, when mixed 
with qumk4ime, was the lofs of the carbonic arid, which had 
paffed from Uie alkali to the earth* Coupe alkidiesi 
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fore, are alkalies deprived of carbonic acid by qulck-limc or 
any other method ; and this is the only Hate in which, pro- 
pcriy fpeaking, alkalies can be confidered as pun ; though 
even when they contain much of this volatile acid, the pecu- 
liar qualities or the alkaline part predominate fo coiifiderably 
as to enable them to exhibit (though in a weaker degree) all 
the chemical properties by which alkalies are chai*a6terized. 

Alkali (EfferveJ^ent or Mild)^ is oppofed to the (late 
of caullicity, and exprefles that degree of faturation with 
carbonic acid, which, as has juft been mentioned, diminiflies, 
but does not fupprefs, the chara^eriltic properties of the al- 
kali* Owing to the alkali obtained from vegetable afties 
being always left after combuftion in union with carbonic 
acid, effervefcence with acids was coniidered by the older che- 
mifts as an eftential chara^ler of alkalies in general, who thus 
aferibed to a property inherent in this genus of falts, an ap- 
pearance which is now known to depend upon the cxpulfion 
of tlie gafeous acid. 1’he terms caujlic or pure^ and 
vefeent or w/4/, are applied to the volatile as well as to the 
fixed alkalies. 

Alkali ( Extemporaneous is a mild vegetable alkali, pre- 
pared by deflagrating nitre with tartar. Sec Carbon at 
of Potash. 

Alkali ( Fluor is a folution of pure Ammonia In 
water. 

Alkali ( Phlogt/lie)^ is prepared by calcining carbonated 
potafli with bullocks* blood or otlier animal matter, in which 
procefs it unites with tlie Prussic acid, formed during the 
calcination. 

Alkali fof Tartar )y or Salt of Tartar ^ is properly a mild 
vegetable fixed alkali, prepared by the combuftion of tar- 
tar, which yields it in great purity. The name is ufed more 
extenfively for any pure carbonated potafti, and it is the term 
by which this fait is more generally known in common lan- 
guage and in medicine. 

ALKALINE EARTHS. It is by no meant cafy to 
draw tlie line accurately between alkalies and earths. The 
original idea of an farth, entertained by the ancient 
chemirts, was that of a fubftance of conftderablc den- 
fity, infoluble in water, without tafte, fmcll, or any percep- 
tible a£lion on the organs of fenfe, entirely unfufible, and 
fixed in the moil inteiil'e fire ; and, in ftiort, with properties 
as oppoiite as poftible to thofe of a salt. This opinion 
principally attached to earth, confidered as one of the four 
elements of which the material world was fuppofed to be 
conftituted. The progrefs of chemical inveftigation having, 
however, difeovered feveral fpecies of earths, which could 
not by any means be proved to be compounds, in which the 
fimple or univerfal earth was fo difguifed as to lofc fome of 
its eftential chara^lcrs, it became neceflary to alter and mo- 
dify the original definition of an earth, and to allow to it 
more of a falme nature. 

Some of the modem chemifts, therefore, have adopted the 
temi falifiahh% and others alkaline earths, in order to allow of 
more accuracy in fyftematical arrangement. By alkaline 
earth has been meant an eartli which agrees with alkali in 
the property of foliibility in water to a certain extent, and 
thereby rendering it fapid, of changing to green certain blue 
and red vegetable colours ; of ablorbing carbonic acid with 
f agemefs, and of poflefling, w'hen pure, thofe caufik or acrid 
(jualities that fo much diftinguifh the alkalies. Magneftat 
hme^ harjtee and Jlromian^ are Uie earths which may be termed 
but the former is very imperfeAly fo, being 
fearedy more foluble in water than filex ; and though its 
habittt&s with carbonic acid are partly fimiliar to thofe of 
tlie alkalies, it does not acquire any tafte, or any degree of 
cauftidty, by the lofs of this galeous acid. Barytes and 
ftrontiaa, ’oii the other hand, approach neacer to aa dkalme 
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nature than lime, in being veiy largely foluble in water, and 
readily cryftallizablc from its folution in a determinate form. 
They have therefore been adually enumerated as alkalies 
by Fourcroy, who reckons the following ; potajh^fodai am* 
monia^ barytes^ and Jlrontian, The two latter even ftand be- 
fore the three ancient alkalies in tlieir order of affinity with 
moll acids, but, till the intimate nature of the fixed alkalies 
be fully cleared up, it will perhaps be proper to reftrid the 
term alkali to the three above-mentioned, and to retain in 
the clafs of alkaline earths magnelia, lime, baryrtes, and ftron- 
tiau, all of which, however Uiey may he alkalies in many 
refpeds, differ from them in being unfufible per fe in very 
intenfe fire, and being entirely incapable of being volatilized 
by the utmoil heat that has ever been applied to them. 

Alkali, in Botany. See Salicornia. 

ALKAIJNE, in a general fenfe, fomething that has the 
properties of an Alkali. 

Ill this fenfe wc fay, alkaline falts, alkaline fpirits, alka- 
line fubllances, &.c. 

yllkaline falts^ confidered in tlieir reference to the Materia 
Medicay arc known to poffcfs antifcptic powers. Experi- 
ments upon them, out ot the body, fufficiently indicate and 
attell thefe powers ; but Dr. Cullen obferves, that it is at 
the fame time equally well known, that they arc conftantly 
imbued with fuch an acrimony, that they cannot by them- 
felves he introduced into the body without ading more by 
their ftimiilant than by their antifcptic powers. The volatile 
alkali may fometimes be an iifcful remedy in putrid fevers ; 
but it cannot, as fome have imagined, be given more freely 
on account of its antifcptic powers, as it can never be given 
copioufly enough to have any effed by thefe qualities. The 
volatile alkaline falts fticw their ftimulant power in every 
dofe, wherever the energy of the brain is weakened, and 
confequently the action of the heart is languid, or requires 
to be accelerated. In fuch cafes this llimulus is among the 
fafeft, as it is ahvays tranfitory ; and wlten their acrimony 
can be covered, fo as to pafs the mouth and fauces without 
irritation there, they may be given in large dofes from lo to 
20 grains. Thefe arc prepared in two different ways ; one 
of which is from fal ammoniac, wliich gives the ammonia of 
the London Difpenfatory, or the fal nmmoniacus volatilis, 
and fpiritiis falis aminoniaci of the Edinburgh. '^I'hefe are the 
pureil forms of the volatile alkali, the mod free from any ad- 
hering animal fubftanccs; but whilil the procefs of preparing 
a volatile alkali from the bones or other fiilid parts of auimaU 
continues, there will come into the (hops a fiilt and fpirit that 
can hardly ever be fo pure, from fome empyrcumatic animal 
fubftance adhering to it ; and fuch an adherence may probably 
give fome peculiar quality to the fait and fpirit, and render 
it more antifpafmodic. It cannot be very confiderable in any 
dofes of the fait or fpirits given to adults, but it may pro- 
duce more fenfible effedl m the fpafmodic affedlions of in- 
fants. The liquid volatile alkali is commonly employed in 
its mild Hate ; but by a diftillation of the fal ammoniac with 

? uick-limc, the alkali may be obtained in its caullic ftate. 

n this ftate it may be readily joined with fpirit of wine, and 
gives the fpiritus falis ammoniaci of the Edinburgh Difpen- 
iutory, or the fpiritus falis ammoniaci vinofus of that of 
l..ondon. The combination affords an excellent menftruum 
for diffolving the feveral fetid fubllances employed as anti- 
fpafmodics, and renders them more fuddenly dinufible, and 
perhaps gives them a greater effect in all ipafmodic affec- 
tions. The eauftic volatile alkali is feldom adtninillered 
alone ; but if its acrimony be covered w^hile it paffes the 
mouth and fauces, it may be verv fafely employed. Its 
chief ufe is external, and when fmelled at thl^ nofe, it gives 
a more powerful ftimulus than the mild alkali can do^ Its 
acrimony is fo confiderable, that when applied to the min, it 
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readily irritatWi and even inflames it, ‘and may be fo manaffcd, 
to prove an ufcful ftimulant and rubefacient in many cafes. 
But this requires its being blended with a mild, exprefled oil, 
fo as to prevent its inflaming too much. See Volatile Oil. 
The fixed alkaline falts have been commonly adminiftcred as 
diuretics. Dr. Cullen has chiefly employed the vegetable 
lixtd alkali, and has fometirncj obtained its cfFtds in a re* 
jn.irkahle degree ; but lur has been often difappoiiitcJ, which 
he aferibes to the neutralizuion of the alkali in the ftomach, 
^ind in that Hate they could have no other cfleA than other 
licntrala, which is commonly inconriderablc, cither as laxa- 
tives or diuretics. Alkalines do, however, occalionally ma- 
jiift'H their diuretic power ; and upon fuppolition of 
their neutral ftate in incftomich, thei) couf.Jerable operation 
as diuretics cannot be fafily accounted fo". i)f tins faft Dr, 
Cull'. II offers tv'o explanations. Ouc is, that the quantity of 
.alkali thrown into the llon^ach ni.iy be more than the acid 
can there neutralize, and therefore ibrriC portion of it may 
reach the kidnics in i^s alkaline (late, and piove a more pow- 
erful llimiilant than any neutral fait would be ; and on this 
ground a large quantity of alkali is always neceffary to pro- 
duce diuretic clte£l8. Another explanation of the faA is as fol- 
lows. As the acid of the ftomach may be prefumed to be of 
the nature of the fermented acid of vegetables, fo an alkali 
joined with it muft form a rtgtntraltd tart^, a fal diureticus, 
or kali acetatum j and if this be Icfs purgative, and more di- 
uretic than other neutrals, while it is alfo conveyed to the 
blood-veffels in larger quantity, we can underiland why, 
from thefe circumftanccs, the fixed alkali may often appear 
diuretic. With refpcA to its operation as a diuretic, another 
conjedlure may be offered. When it is given with bitters, af- 
ter the manner of Sir John Pringle, it commonly proves di- 
uretic ; and Dr. Cullen imagined, tliat as the bitters are ab- 
forbents of acid, they might abfoib fo much of that prefent 
in the ftomach, as to prevent its being fo fully applied to the 
nlkali. As alkalines may be often pi evented, by purging, 
from reaching the kidnics, fo their diuictic efieft may be of- 
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ten more certainly fecured by giu ig an opiate at the fame 
lime; and for the utility of thi^ pradice, lee Dr. Mead on 
the fubjea of Dropfy. Btfides the laxative and diuretic pow- 
ers of the fixed aheali, another isafer.-bed to it, which is that 
of diffolviKg the fluids, or the coucivtions which may happen 
to be formed in them, cxprclftd by French writers under 
tiie denomination of fontlaut* Dr. Cullen does not allow it 
to pofi'cfs tiiis power to any great degice, or to produce the 
rffeds in this way that have been aferibed to it. Cullen’s 
Mar. Med. vol. i. p. 56S. Vol. ii. p. .9^2. 512. 

Alkaline acrimovy^ in Mulicine^ fignifus a morbid qua- 
lity in the blood, w hich is iudica ed by a defire of and thiill 
after four things, lofs of appetite, and averfuvi to alkalefcent 
food, nidoroiia crudations, putrid ulcers on the lips, tongue, 
and otlur parts in the mouth, fudm^fs in the tlomsieh, a fre- 
quent d arrbcAU a fenfe of heat, lafli'.udc, and general uncali- 
uefs, a diflblulion of the texture of the blood, the urine h’gb- 
colourcd and red. It produces a putrcfccncy in the blood, 
&c. and is to be remedied by the fame mtans as the fca- 
feurvy and other putrid diforden. 

ALKALIZATION, Alkalizatio, in Chmyiry, the 
aA of impregnating a Lquor with sn allaltnc fait. 

This is done either to make it a belter JifTulvent, for fomc 
particular pnrpofcs ; or to load the phlegm, fo as it may rot 
life in diftiflation, whereby the fpiritaous p.uts may go over 
more pure. 

Alkalization, is a name applied to operatinn.^, by which 
alkaline properties are communicated to bodies ; or to thoft 
by which alkali is cxtraAed fiom bodies which contain it, Or 
iu which it may be formed ; e. is la»d to be 

alkalized, when it has been digtfted upon alkali 5 a part of 
which it dilTolves, and thence acquires alkaline properties. 
On the other hand, when a neutral fait is (leccmpcftH in 
order to obtain its alkaline bafis, this fait is to be ?lkali/.e ■*. 
Vegetable fubftanccs, when reduced to afhe^^, may alfo be la-d 
to be alkali/.ed, beeaufc the aflies contain lix^ 'l alk.di. 
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ALUM, ores off in Mineralo^, Under this head we iti* 
elude all thofc mincrale which either contain alum readjr 
formed, or are capable of yielding thii fait by the proccu 
of manufafture. They may be conveniently divided into 
three families, i . The falinc, all the fpecica of which arc 
almoll wholly foluble in water; 2. The earthy-faline, in 
which the foluble particles are diffufed through a large oro* 
portion of earth; j. The eanhyi which containing no alum 
but only the materials of it, are infolublc and deftitute of 
that fwectilli ailringent talle, which is charafteriftic of ihe 
two former. 

i. Family--*-SAttN£. Talle aluminoys) almoft wholly 
foluble in jvatcr. 

Species 1. Capillary alum.— hahtrichumf Wer* 
ner. — Hoarfah%f Germ. — 7 (rmet tim/of Hung. 

The colour of capillary alum is either pure or yellowifh 
white, pafling into ilabella yellow and grey, upon expofure 
to the air. ft occurs in long very tender capillary cryftalt 


accumulated on an earthy bafe, or amorphous or tooth* 
fluped. Its external lullre is glaify and generally glimmer- 
ing, advancing fometimes to the httle*ihining, in the pure 
white varieties approaching more or leU to the mother of 
pearl ludre; internally it is fliining or little-lhining with a 
glafly lullre. The amorphous has a fine, ilraight or curved 
hbrous fradure.' It flies, when broken, into indetelminate 
not particularly (harp fragments. It appears fometimes to 
contain (lender columnar dillinft concraions: is tranfpa* 
rent, foft, and very brittle ; though each leparate cryftal has 
a flight elallicity: fp. gi*av. according to Scopoli hai 
a fweetilh aftringent tnllc. 

By the analyfls of Scopoli, it is foluble in three times iu 
weight of water, and conftlls of alum and fulphited iron. 
It is met with at Cremnitz and Chemnitz in Hungary, alfa 
in the quick-lilver mines of Ydria, wbett it has generally 
been miftaken for white vitriol. 
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Species 2. Plume alum.«— natU^um f. flumo/umf 

Werner* — Naturlichcr f. ^etkr akun^ Germ. 
FYddar alutif Sweed.— 

jilun de fJumt Fr. 

The colour of this fuoilancc is yellowifli or grcyifli white. 
Its external luftre is dull, but fometimes gUmmeriugi or even 
littlc-fliining. It coniiils of (lender irregular hair-fhnped 
fibres, either finale or accumulated, and (lightly adherent 
to eacTi other ; is fddom llala6litic or amorphous. It is 
ufually opaque, but fometimes alfo tranfparent or femiti-anf- 
parent. It excites the fame ufte on the tongue as the pre- 
ceding (pecies. 

It 18 found efflorefeinj on bituminous fchiftus at Gbttwig 
in Aullria, on grey argillite in Carinthia, in clefts and ca- 
venis on Stromboh, the Solfatara, the grotto of St. Gcr- 
mano, Mifeno, and other places in Italy. 

In Klaproth’s EiTays is an analyfis of the native alum of 
Mifeno, from which it appears, that 100 parts yield by 
fimple folution and cryftallization 47 of perh;£l alum, and 
29 more by the addition of the iiecelTary quantity of pot- 
afh, the remainder being fand with a little felenite, and a 
fmall trace of oxydated iron. 

Species 3. Mountain butter.— Fi/rio/i/m alumen buty^ 
raceumt Werner. — BerghutUr^ Germ. 

Its colour is of a more or Icfs dun ifabella yellow, or 
yellowi(h brown. It occurs amorphous commonly overlay- 
ing the furface of aluminous fchiftus in lumps or clots. In- 
ternally it is (hining, with a waxy luftre. At firft it is very 
foft, but by expofurc to the air it becomes of a middle 
confiftence, between crumbly and compa£fed, and is then of 
a (lx ait (hivery fradlurc. Its fragments are indeterminate, 
blunt. Its diftind concretions are fmall and fine gianular. 
It is tranfparent on the edges, and (lightly claftic ; feels 
fomewhat unftuous, and leaves on the tongue an acerbly 
fweetifh aftringent tafte. 

It occurs in many places where the aluminous fchiftus is 
plentiful, and expoied to the air, as at Muikawin the Ober- 
laufttz : is alfo found in Siberia. 

It has not yet been analyfed, but probably diSen from the 
preceding, in containing a larger proportion of day and 
iron ochre. 

II. Family. Earthy-saline. Tafte aluminous, very 
little foluble in water. All the ores that belong to the third 
family arc occafionally found to have undergone a natural 
change, fimilar to wnat is produced in them by art at the 
alum manufactories ; in confequence of which «|hey often 
ield, by lixiviation, a variable proportion of aluxi^ and exhi- 
it the fweeti(h aftringent taiic peculiar to this fait. 1 . 
Upon the purely fulphureous ores or alum-ftonc with its 
varieties, this alteration feems to take place by the adion 
of fubterranean fire : alum is alfo probably formed in mere 
earthy compounds of (ij?x and alumine, that contain no 
fulphvir when they overlie heated fulphureous ftrata, by 
which they are firft cracked and then penetrated with ful- 
phureous acid vapours. Examples of both thefe occur in 
Italy at La Tolfa, not far from Civita Vecchia, and the Sol- 
fatara in the Neapolitan dominions ; from 100 parts of 
which Bergman obtained by mere lixiviation eight parts of 
perfeCI alum. 2. The well known property of pyritout 
mnd pyrito-bituminous matters to heat, and afibrd vitriolic 
falls by the combined adion of air and moifturc, may alfo be 
traced, though in a (lighter degree, in the aluminous ores of 
this defcription ; hence it is wt the upper ftrata of the 
ibfterduminout fchiftus, of the alum earth, and the ful- 
phureous peats arc occafionally inqpregnated with alum. 
The mai*(ky black foil of Anragon, that yields pure alum 
by lixiviation (Bowles’s Spain, p, 3S8.), a|q>cai*s to be of 
this kind ; alfo the aluminous turf of Helfinborg in Scania 


(Bergm. EIT. vol. i. 353*) $ and a vein of black earth in the 
Shetland ifiands, containing alum and fulphated iron. Alum 
is alfo extracted from folGl wood in Helfe, (Vogel, p. 322.) 
Springs in the neighbourhood of thefe ftrata fometimes hold 
a little alum in folution, as tliofc near Halle (Chym. Ann* 
1788.^.224.) • 

Family III. Earthy— no aluminous tafte— not foluble 
in water. 

Species 4. Alum-ftone. ArgiUa aluminarh 

Alumen lapid, calcar, miner alixat. Wall.— 

Jlcin^ alautikalchjleiny Gtm,—Alunjlen^ Sweed. 
Alunrig Jlteidecr^ Pierre alumineufe de la 

TolfiU Pierre calcnire alumineufe^ Fr . — Pietra 
calcinofa aluminofa^ Ital. 

Alum-ftone is greyifh or ycllowifti white, ifabella yellow', or 
light fmoak grey ; amorphous. Its internal luftre is dull, fcl- 
dom glimmering. Its fracture uneven, fplintery. Fragments 
indeterminately (harp-corncred. It has diilind conchoidai 
concretions, which might be miftaken for a fine fchiftofe 
texture. Is (lightly tranlparent at the edges. Is half-hard 
palfing into hard. Brittle, infipid, feels meagre ; and ad- 
neres (lightly to the tongue. 

Its fp. grav. according to Kirwan, is 2.424. It has an 
earthy fmell, and when projected on a red hot iron it hiffes 
and gives out a black fmoak, a (light fulphureous fmell, and 
the refidue acquires a reddifh colour. According to Moit- 
net’s analyfis, it confills of fulphur and clay, in nearly equal 
proportions, together with a little iron and pota(h. Berg- 
man found it to contain about 43 fulphur and inflammame 
matter, 35 alumine, and 22 filex. 

It is found in malTcs and veins running through argillacc* 
0U8 rocks at La Tolfa, in the dates of the church, and in 
the ore from which the Roman alum is prepared. A vol- 
canic origin has been generally attributed to it, but appa- 
rently w'ithout reafon, as the veins of La Tolfa have been 
traced into the Apennines. It was formerly fuppofed to be 
moftly calcareous, as isevident from the fynonims quoted above. 
La Metncrie (Theorie de la Terre, vol. ii. p. 2iy.) has 
hazarded an opinion tliat it is principally alum fuperfaturated 
with alumine, and therefore earthy and infoluble. This is a 
notion w'hich derives high probability from the recent ana- 
lyfis of this ore, by Vauquelin (An. de Chem, vol. xxii. 
p. 275.} who obtained from it 

Alumine - - 43*92 
Sulphuric acid 25. 

Pota(h - - 3.08 

Water • - 4. 

Silex - - - 24. 

100.00 

A fimilar kind of ore has been difeovered in rocks near 
Foliniere in Brittany. 

Species 5. Alum-flatf. Aluminous fchijlusy edaunfebiAer^ 
Otm—Alun fiifer^ Sweco.- afum^ 
meufe^ Vr*-^Lavagna aluminofa^ Ital.— TiWo 
/ain. Hung. Kwqjfzowoi fehifer^ Ruft. 

Of this there are two varieties. 

Var. I. Common alum-flate. « Cemnner akunfchlefer^ 
Germ .— alummris febifiofa vulgarisf 
Werner. 

Its colour is blui(h black, fometimes greyilh black. 
Amorphous, or in concentric balk imbedded in the ftrata. 
Its internal luftre is gluDiiici 4 ng, or dull. Frafture ftrait 
or curved (laty. It £es when broken into broad (hivers, or 
trapezoidal fragments. Gives a grey ftreak ; feels rather 
imoothbut meagre. Is foft, brittk, and but little elaftk. 

Var* 2* Shiiung alum-fiate.— akunfebiefer^ 
Gtxnu^ArgillaalummrU fchiflofa nilidot^mtr. 
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ll is of a Uuifli black colour, generally pulTin^ into tbc 
iron black — occurB amorphous, in large llrata. The luihe 
of its parallel fra^lure is fhining or even brightly fliining, 
with a liiilrc between common and femi-mclallic : that of its 
crofs fradiire is dull, or at moll glimmering. Fraftiirc 
tliick and curved daty, feldom thin flatjr. Its fragments 
therefore are fometimes thick and fometimes thin Ihivery. 
It feels fmooth 5 is half hard ; brittle 5 and but little 
claftic. 

Both varieties arc found in Norway, at Wliitby in Eng- 
land, in Sweden, in Saxony, and various other provinces m 
Germany. Tlie alum of Great Britain and the north of 
Europe isalmoli entirely made of it, for which life thcfecond 
variety is fnid to be the bell adapted. It commonly 
occHrs in the neighbourhood of coal, and Icems to differ 
in no refped from the bituminous fliale impregnated with 
pyrites. 

Species 6. Alum-earth — PyrUareous clny^ alam trie 
Qi<.x)Xi,~-^Ar^lUa a/umhinris li/ttmirtoja, Werner. 
Altinjarcff S weed.— Terre alumineufe^ Er.— 
Tinijos foliU Hung. 

It has a light or dark blackim brown, brownifli black, 
or blackilh gr^ colour. Occurs in large llrata of earthy 
or irregularly ifaty maffes. It is generally dull, but wdicn 
containing (cattered particles of mica, becomes occafionally 
glimmering. Its fradure is between compad earthy and 
imperfedly flaty. Its fragments arc partly flaky and partly 
irregularly blunt cornered. Its llreak has a feeble lullre. 
It is very foft, and may be nibbed to powder between the 
fingers \ is brittle, and of very little clalUcity. 

When placed among burning coals, it generally blazes 
a little ; and when moilleiied and expo fed to the air in 
large quantities, it heats and not un frequently inflames. 
From 100 parts of it, after torrefadion, Klaproth obtained 
10 alum, 7.25 fulphated iron, 2.25 fulphated lime, and i 
fulphated magnefia. 

It is found in alluvial and fecondary ffrata, and is inti- 
mately conneded with bituminous wood, alum Hate, and 
coal (hale. Is ufed in the muiuifadure of alum in 
Germany. 

Lenz, Verfuch dcr Mineralien. — Widenman, handbiich 
der Minerdlogie. — Lamethcrie, Thcoric de la terre. — Berg- 
man’s Effays— Klaproth’s analytical ElTays.— Kirwairs 
Mineralogy. 

ALUM, ManufaHure of. 

In order to appreciate rightly the peculiar advantages or 
difadvantages of tlie fcveral methods of manufuduring this 
fait, it will be ncceffary to enter into a previous enquiry con- 
cerning the nature and proportions of its elements, and the 
different chemical varieties of alum, which have hitherto 
been confounded under the fame name. 

§ i. AnaJyfis and Compfition of Alum, 

The identity of the earthy bafe of alum with pure clay, 
‘was full nfccrtaiiied by Geoffroy and Hcllot, and the fuc- 
ccffivc experiments of Pott, Margi*aaf, and Macquer, upon 
the fame fubjed, put an end to the controverfy concerning 
the nature of aluminous earth, which has ever fmee been 
univei fully received as the fame with pure clay or alumine, 
according to the reformed nometiclature. The acid in 
alum has always been confidered as the fulphuric, and the 
only quell ion among chemills on this head is -whether the 
acid is nccclTarily in excefs. A folutioii of alum reddens 
litmus papcTi and exhibits other properties of an uticom- 
billed acid ; but on the other hand it is contended by 
Morveaa,that cryftallization and edulcoration would effedu- 


ally feparate any Aich cxcefs, and therefore that the change 
of vegetable culourn is not an unequivocal proof of fuper- 
abundant acid. Referving the confiacratiun of this and fimi* 
lar cafes till we come to treat of the article saturatiok, it 
is riiflicient to obferve here, as indeed Bergman has clearly 
flicwii, that the acid exills in alum with two very different 
degrees of affinity. By tlie adion of iron filings on a folu- 
tion of alum, all the figns of uncombined or ioofcly adlur- 
ing acid arc dellroyed, fulphated iron is produced, and a 
white earthy precipitate takes place, cor.filling of the alum 
deprived of a fmall portion of its acid, but Hill retaining 
the greater part, as may be proved by the further decom- 
pofition of it by a caultic alkali ; and to this fuperabun- 
dunt or (lightly combined acid, is entirely owing the taflc, 
the folubinty, and moil of the other external charaders of 
the fait. 

The component parts of alum, according to Bci^mar, 
are 38 fulphuric acid, 18 alumine, and 44 water of cryftal- 
lization. Obferving, however, that thofe folutions, which 
contained a great cxccfs of fulphuric acid could not be 
brought to cryftallization by the addition of lime, foda or 
baiytes ; but only by means of pota(h or ammonia ; finding 
alfo fulphat of potam in many fpecies of alum, he appears 
often induced to believe that the alum of commerce is a tralc 
fait confining of falphuric acid, alumine and potafh. The 
fubjed remained in this Hate of uncertainty till it came under 
the notice of the mod eminent analyll of modern times, the 
accurate and indefatigable Vauquelin, to whofc admirable 
Memoir on the combinations of alumine with fulphuric acid, 
we are indebted for the final illuilmtion of a queilion of equal 
importance to the chcmill and manufadurer. 

In order to afeertain the component parts of alum, and 
to determine the neceflity and peculiar agency of alkalies in 
its preparation, he diffolvcd in pure fulphuric acid fome alu- 
mine equally pure ; the folution was evaporated fevcral 
times to drynefs to drive off the excefs of acid, and the dry 
and pidverulcnt rcfidiie being then re-diffolved in water, w as 
brought by evaporation to various Hates of ‘fpecific gravity 
for the purpofe of crydallization ; but, notwithdanding every 
precaution, a foft magma, confiding of crydalline flakes, was 
all that could be procured. The folutjon, w’hich had thus 
condantly refufed of ilfclf to afford cr)’dallized alum, began 

depofit fome immediately on the addition of a few drops 
of potafli, and by gradually adding the alkali, drop by drop 
as the depofition of alum ceafed, the whole was converted 
into pure alum, without the fmallcd mixture of fulpliatcd 
potam. 

Another port*»m of the fame pure aluminous fulphat was 
mixed w'ith carbonated foda, but without obtaining any crj‘- 
Hals, Nor wxre lime or barytes more efficacious. 

Hence it appears plainly that the ufe of potaih is not 
merely to engage the excels of acid, othenvife foda, barytes 
and lime, ought to have produced the fame effedl. Again, 
if potafh and ammonia mute only to the fuperabundant acid, 
the fulphats of potafh and ammonia fhoitld occafion no change 
in the pure aluminous fulphat ; but, on the contrary, if they 
form an effential condituent part of alum, tlien they fhcnitd 
produce the fame effcfls when combined with fulphuric acid, 
as when pure. To afeertain this, a folution of fulphated 
alumine was mixed with a few drops of fulphat of potafh, 
the immediate effc6l of which was the produaion of octahe- 
dral cryftals of alum. Sulphat of ammonia pixalUccd the 
fame refult. 

It might dill, perhaps, be objeded that the aAion of thefc 
falts, as tliey are rcmaikably greedy of fulphuric arid, deter- 
mined the crydallization of the alum, by the fisnpk ahforp- 
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lion of ruperHuouA acid. In order to determine this. Tome 
iincryfiallizable aluminous fulphat was mixed with acidulous 
fulphat of potafh, and afFurded as great an abundance of 
alum as when the neutral fulphat of potalh was made life of. 
Hence, no doubt can remain concerning the influence and 
particular mode of adion exercifed by potafli and ammonia 
in the manufadurc of alum. 

The experiments of Bergman and of feveral other che- 
miflis afeertained, that when a folution of common alum is 
boiled with a quantity of pure alumine, this laft combines 
with it, and forms a peculiar fait iiifoluhlc in water, known 
by the name of neutral aluminous fulphat, or alum (aturated 
with its own earth. To this fad was added another of equal 
importance, by Vaiiquclin, namely, that the earthy fait thus 
precipitated retains its potafli or ammonia, for by digeftion 
in dilute fulphuric acid, it is diilulved, and afl'ords odahedral 
cryftals of alum ; it even appears from the memoir of this 
philofophcr quoted above, that the prcfencc of one of the 
two alkalies is nccefTary to the formation of this neutralized 
alum. To an iincryftiillizalilc folution of fiilphatcd alumine 
pi rfcdly fiec from alkali, lie added fome pure alumine, and 
iouijJ that a pnit of it was dillolved to tlie complete fatura- 
tion of the acid, but that no precipitation took place ; hav- 
ing then added a few drops ol fulphat of pouPn, a pucipitate 
was depofitcd fliortly after, pofl'c fling all ilie propertii'S of 
the foregoing faturated alum. Hence is eflabliflial the iie- 
ceflity oi fulphated potafli or ammonia, to enable alum, by 
combining with a larger proportion of its bafe, to pafsto the 
earthy ftatc. 

The alum of commerce always contains fulphat of potafli 
cither alone or mixed with fulphated ammonia, and as it is 
often of confequence to tlic niamifa£hirer to know the abfo- 
lute and relative proportions of thefe falts, the following me- 
thod of analyfis may be had rccourfe to. Firft, let a fmall 
piece of the alum be reduced to powder, and mingled with 
a folution of cauftic potafli in fufiicient quantity to decom- 
pofe it entirely : if then, upon gently heating, it gives out 
an ammoniacal odour, as is generally the cafe, this indi- 
cates the prefence of fulphated ammonia. Having obtained 
this indication, let two or three hundred grains of the alum 
be diffolvcd in diftilled water and put into a tubulated retort, 
and then add quick-lime, equal in weiglit to iWfalt; by 
making this mixture boil for about twenty minutes, the 
whole of the ammonia w'ill be expelled, and may be con- 
denfed by cold water in the receiver, or a Woiilfe^s appara- 
tus: this ammoniacal liquor, being then carefully faturated 
with fulphuric acid and cryftallized, will fliew the quantity 
of fulphated ammonia. The rcfidue in the retort being 
mixed with warm water and filtered, a dear liquor will be 
obtained, containing the fulphat of polalh, with fomc ftle- 
nitc ; this latter will be precipitated by boiling and evapora- 
tion, and the remaining fluid will then depofit the fulphat of 
po^aih in a cryftallinc form. When the previous aflay docs 
not indicate the prefcncc of ammonia, the alum is to be 
decompofi'd by cauflic ammonia, the precipitate is to be well 
waflied, and the liquors being added together, arc to be 
gently evaporated to drynefs ; the fait thus obtained is to 
be heated in a crucible till it ceafes to exhale white vapours 
of ammoniacal fulphat, and the refiduc is fulphat of potafli. 

§ a. ManufaSture of Ahm from the fallne-earthy ores. 

Tlie only place where this kind of ore is found in fufficient 
abundance to be worth working, is at the Solfatara, a few 
miles from Naples, The Solfatara, called by the ancients 
Forum Vulcanlf Campi Leucogeif is a fmall nlain, at the top of 
a hill, covered with a white foil, and exhaling fulphurcous 


vapours which, during the night, emit a pale blue lambent 
light : the ground, even at the furface, is confiderably warm, 
proceeding, no doubt, from fubterranean fire. It has con- 
tinued in nearly the fame ftatc from the age of Pliny to the 

? rerent time, and is celebrated by this author in his Natural 
Iiftoi*y (lib. XXXV. ch. <;o.) for its fiilphur, but not for its 
alum, as the Abbe Mazeas affirms. On the contrary, by 
his omiifion of the Campi Leucogei, when mentioning the va- 
rious places from which alum was then procured, it is plain 
that the cftablifliment of the alum works of the Solfataia is 
of more recent origin. I'lic white clayey foil of this plain, 
being conftantly penetrated by fiilphureouR vapours, and the 
exhalations during the night being for the moft part mixed 
with the dew, and thus returned upon the fiirf<ice, caiife it 
to be covered with a liglit falinc cfflorcfcence. This, to- 
gether with the earth to which it adheres, is daily collected 
and diilributed into leaden cauldrons, fo as to fill about two- 
thirds of their capacity ; water is then added, till it Hands 
about three or four inches above the furface of the clay, and 
this, in a few hours, by llie afliftance of the natural heat of 
the gioiind in which the cauldrons arc fet almofl up to the 
brim, extra6s the alum dillufcd tlirough the clay, and de- 
pofiis it in rough cryflals on its furface. Thcfc cryflals 
being taken out and wafhed in the mother liquor, are put 
with iVcfh water into other boilers, and again diflolved as be- 
fore, by the natural heat of the grourd; the folution is 
then run through a filter into large wooden coolers, and in 
a day or two afl’ords a large quantity of pure coloiirlefs cry- 
ftah. Hence it appears that the alum exifts ready formed 
in the earth of the Solfatara, and the whole of the nianu- 
fa£turing pait is reduced merely to lixiviation and purifica- 
tion. The propoition of fait muft nccefl’arily be very vari- 
able, thofe parts that are expofed to the rain, and that lie 
above the general level, will contain the leaft. A fpccimen 
that was analyzed by Bergman yielded eight per cent, of 
alum. The Abbe Mazwas', from fix pounds of the earth, 
p-^ocund, by hxiviation, two pounds and a half of cryftals, 
or about 41 ptr cent. The alum iifclf has not ytt been 
analyzed ; it fwcms probable, however, that its alkaline part 
is entirely polafh. 

§ 3. Manufacture of Alum from alum fane. 

It is at La Tolfa, not far from Civita Vecchia, in the 
Roman date, that the manufadure of alum from this fpecics 
of ore is principally carried on. All the alum known in 
commerce by the name of Roman alum is thus prepared, as 
well as the Levant or Smyrna alum. 

The ore of La Tolfa forms veins of confidcrablc hardnefs, 
which are feparated by means of blading from the reft of the 
rock ; the pieces thus obtained are brought to the calcining 
oven, w'hich is merely a hole dug in a rifing ground, four or 
five feet in diameter, and from five to fix in dqith, with a 
lateral gallery, communic.iting with the open air, and the 
bottom of the furnace. The bottom being coveicd with 
faggots of brufti-vvood, the pieces of ore are Ikilfully 
laid over them, fo as to form a kind of hollow vault, between 
the interfticcs of which is an ample pufliage for the fmoke. 
As foon as the fire is kindled and the flame begins to appear 
between the ftones, a workman is at hand to regulate the 
combuftion, that it may be neither too great nor too feeble ; 
in the courfe of from thrv.^ to five hours the fmoke begins to 
decreate, and the fire burns brightly ; this is allowed to go 
on till the fmcll of burning fulphur begins to be prevalent, 
which a fign that the ore is fufficiently roafted. Tlie fire 
is now raked out, and the ftones are left to cool* The 
fign of this firft procefs being well conducted, is, that 
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the ore haa now acquired the fweetidi aftrliiffcnt talle of 
alum. 

The fecond proccfs bcgiiw by piling the calcined ftonet 
in long beda, on a floping floor, tlic lower fide of which is 
terminated by a ditch of water, extending along its whole 
length ; from this ditch the beds are frequently fprinkled, 
and the water draining from them returns again into the 
refervoir. In about a fortnight the ftui^es begin to crack 
and break down, and are at length, in forty days, more or 
Icfs, overfpread with a reddifh cfflorefccnce, and reduced into 
a kind of pade. A leaden boiler is now half filled with 
water, and when hot, frclh portions of the prepared ore arc 
continually ftirred in till a lolution of fufficient ftrength is 
procured ; the liquor as yet turbid is drawn off into another 
boiler, where it is fubjedled to a very gentle evaporation, 
at the fame time that it becomes clear by the denofition of 
its earth. Having arrived at the point of crydaliization, it 
is transferred by means of a pipe into a fquarc wooden veffcl, 
eight feet high by five wide, fo con(lru£icd as to be readily 
taken to pieces ; after remaining here for a few days, the 
mother water is poured out, to be boiled again with frcfli 
alum ore in the firii cauldron, and the cryflals, when dried, 
arc ready for falc. 

From this account of the proccfs, by an eye-witnefs (the 
Abbe Mazeas), it would appear that no potafh or ammonia 
is added to the lixivium ; it follows, therefore, that one or 
both thefc alkalies muft be found in the ore, and this is 
adtually the cafe, according to the analyfls, by Vauquelin, 
already quoted in the preceding article. 

The nature of this ore has been long mifundcHlood, as 
well as the rationale of its manufadture, and the analyfes of 
it undertaken by Bergman and Monnet have only ferved to 
perpetuate the error. Both thefe chemifls found a large pro- 
portion of fulphur in it, while Vauquelin finds only fulphuric 
acid ; this apparent contradidlion, however, may eafily be 
reconciled, by confidering that the ore contains carbonaceous 
matter enough to blacken it, and to give out a light flame 
when powdered and fpread on a hot iron j hence, if the 
analyfis of Bergman and Monnet was begun by diftillation 
in a clofe retort, as it probably was, the decompofition of 
the acid and produdlion of fulphur is readily accounted for. 
Admitting then the proportions of this ore, as afeertained 
by Vauquelin, to be lulliciently corredl, viz. alumine 43.92 ; 
fulphuric acid 25. ; potafh 3.08 ; water 4. ; filex 24. ; if 
ought to be conlidercd as a native faturated alum, with 
excefs of earth and deficiency of alkali, intimately mixed 
with filex and inflammable matter. The adlion of the fire 
in the roafting is to drive off the inflammable matter, and 
from the fweet aluminous talle which is thus communicated 
to the ore, notwithftanding thclofs by volatilization of part 
of its fulphuric acid, it feems alfo to effeft a reparation be- 
tween the alum and the excefs of earth. The fubfequent 
cracking and breaking down upon expofure to the air and 
moiilure, is probably caufed by the abforption of water of 
cryllalUzation. 

But though a confiderablc proportion of alum is thus ob- 
tained, without the addition of potafh, it may be worth 
while to enquire whether a larger quantity n^ht not be 
pn)cured by a trifling additional expence. The alum of 
La Tolfa contains by Vanquclin’s analyfis 
49* fulphat of alumine 
7. fulphat of potafh 
44. water 

100 

And according to Kirwan, (on the proportion of icul acid*. 


&e. <7990 fulphat of potafh are eompofed of 

54.8 potafh and 45.2 fulphuric acid ; and 100 parts idum of 
63.75 alumine and 36.25 fulphuric acid* Therefore, the 
25 parts fulphuric acid in the ore rej^^uire 37.1 alumine and 
^5 potafh. But the ore only contains at mofi 3*08 potafh, 
ID that no more than 16 parts of fulphuric acid will be con- 
verted into alum ; the remaining 9. will be left in combination 
with alumine in the mother water ; and this agrees with the 
obfervation of Mazeas, who fpeaks of an unctuous acid, 
efSorefeent fait being left ip the refidue of the lixiviated ore. 
The 9 parts of acid that arc thus loft, may, however, be 
converted into alum, by the addition of 1.42 pbufti, or 
about 3. fulphat of potafh. 

From thefc data the ore of La Tolfa ought to yield bv 
the prefent method of working it 78.5 per cent, of cryftal- 
lizcd alum ; or by the addition of 3 per cent, fulphat of 
otafh, 125 per cent, of cry ftallizcd alum. In this calculation, 
owever, no allowance has been made for the fulphuric acid 
volatilized in the roafting, and that portion of the fait which 
cannot be extrafted by lixiviation in the large way from the 
prepared ore j both thefe circumftances will, no dotibt, di- 
minifh confiderably the produce of alum, but the proportions 
muft vary much according to the Ml and attention of the 
manufa&urer. 

f 4. ManufaQure of Alum from the Pyritotts ores* 

All the European alum, except what is manufa£tured at 
Solfatara and La Tolfa, as deferibed in the preceding lec- 
tions, is prepared from the alum flate or alum earth, and 
thefc containing only the remote principles of this fait, a 
much more complicated proccfs is required than where the 
alum exifts ready formed in the ore. 

The only ncceffary ingredients in the pyrito-aluminous 
ores are clay, and pyrites, or fulphuret of iron. Befides 
thefe, however, there is genera^ a variable proportion of 
bitumen, lime, and magnefia. The beft alum is procured 
from the black micaceous fpecies in which the pyrites is 
thoroughly difleminated through the mafs in fuch (mall par- 
ticles as to be mdilUnguiftiablc from the reft. Such, how- 
ever, as contains even large nodules of pyrites, is very ca- 
ablc of being manufadtured, much of the Swedifh ore 
eing of this kind. 

The firft thing to be done is to difpofe the pyrites to 
decompofe into uilphat of iron, (green vitriol), and this at 
the manufafture of Flone, in the department of Ourtc, in 
France, is brought about by fimple expofure of the ore to 
the adlion of air and moifture ; this ore, however, is of the 
very beft kind, moderately foft, free from bitumen, and with, 
the ingredients well mixed, and even with thefe advantages, 
the proccfs requires three years. The more ftony and bitu- 
minous kinds, fuch as thofe of England and Sweden, are 
fubiefted to a previous roafting. For this purpofe a layer 
of billet wood or coals is placed on a floor of rammed clay, 
and fet fire to 5 upon this arc thrown by degrees moderattly 
fmall pieces of unbumt ore, till a ftratum is formed, about 
half a foot in thicknefs ; thefe pre fently take fire, by their 
own bitumen, and are then covered witn a ftratum ot nearly 
the fame thicknefs of ore that has been already rolled and 
lixiviated ; to this fucceeds a layer of unbumt ore, and thus 
alternate layers, eight or nine in number, are gradually 
added, till tne pile is completed. Ckre is taiken by proted* 
ing it from heavy rains, and covering thofe parts expoled to 
the wind, to keep up the heat of a moderate equable degrea 
till the bitumen being confumed, the fire goes out of itfelf* 
If the ore is now examined it will be found to be of are^iA 
colour* containing a iinaU quantity of fidphated icon and 
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&lumtne» and in feme of the Swedi(h manufa&onea is ac^ 
cordingly lixiviated without any further preparation. In the 
Knglilli and German alum^works, however, the roafted ore 
is watered lightly, and expofed for a greater or Icfs time to 
the a£tion of the air, by which the fuTphur of the pyrites is 
more completely oxygenated, and in confequence a larger 
proportion of alum is obtained. In the manufa61:ory of 
Flonc, already mentioned, the fingularly judicious praAice 
is obferved, of lightly roaftiiig the ore after fpoiltaneous 
cfflorcfccnce. 

The acid being thus developed, and in part united to the 
alumine, the procefs of lixiviation takes place. For this 
purpofe the ore is thrown into large refervoirs of ftone or 
wood, furuiihcd with a falfe bottom, to ferve the purpofe of 
a filter ; water is then poured on, and remains for twenty- 
four hours or more, in which time it diflblves the greater 
part of the falts ; this being let out by means of a cock 
fixed nearly level with the bottom of the refervoir, a frefh 
quantity of w'atcr is added, in order to exhauft the ore of nil 
foliible matter. The fecoiid lixivium is weaker than the 
iirft, but is afterwards concentrated by being iifed inltcad of 
water for the firil lixiviation of the next parcel of ore. The 
water with which the lixiviation is performed is cold, and it 
might feem at firfl to be an obvious improvement to make 
ufe of boiling water ; the experiment has, however, been 
tried without the dcfircd rcfult, the increafed ilrength of the 
lixivium not being adequate to tlsc time and expence of 
fuel. Whcie the lixiMum is k"pt in large refervoirs, cx« 
pofed to the weather, much depends on the drynefs of the 
i'eafon, a few heavy rains wcaktning the liquor to fuch a de- 
giec, as to add conlklerably to the cult of bi ihtig down. In 
8wedcn and the northern countries, various attempts have 
been made to concentrate the liquor by freezing, but the 
fuccefs has not anlwrred exptAation ; for a faturated folu- 
tion of alum congeals at neatly the fame temperature with 
common water. 

The procefs of boiling down fuccceds to that of lixivia- 
tion, and IS always performed in leaden boilers, copper being 
for the mod part too dear a material, and iron being at- 
tended with the inconvenience of decompofing alum. The 
lixivium is mixed in the boiler with the mother*w*tcr of a 
precedittg boiling, and this is done cither by fitting the 
boiler with a mixture of mother water and liquor, and fup- 
plying the lofs by evaporation with frelh liquor, or by filling 
the boiler at lirll with liquor, and fupplying the wallc by the 
above mixture. The evaporation lalls from twettty-four to 
foity-eight hours, according to the proportion of mother- 
water. In Saxony, where the proportion of mother-water 
is large, and the lixivium is brought to a high degree of con- 
centration, the boiling continues without interruption for 
eight days. At the end of thefc refptdivc periods the fpe- 
ciiic gravity of the liquor is affayed by a leaden liTdromcter, 
or, with greater txadtntfs, by filling a bottle of known iizc 
with the liquor, and then, by weighing it, to afccitain the 
comparative fpecific gravity between it and w'atcr. This 
being done, an alkaline folution is added, a. id the firll ctyf- 
tallization is brought about. In the Saxon munulad^orics, 
where the liquor is uncommonly concentrated, as foon as the 
cvapoi-ation is finifhed the contents of the boiler are let out 
into a refervoir, where they are llrongly agitated for half an 
hour, during which time a certain proportion ot foap- 
makers lees and putrefied urine is addal \ red the liquor 
being then let into another vat, the cryftals of alum begin 
immcdiattly to be dcpolited ; at the end of a few days the 
iBothcr-watcr is laded out, and ll:e cry’ll als are C(4Ie6led and 
waihed. The method followed in the Fnglifn works differs 
fomcwlrat from the Saxon practice $ in tbefe when the li- 


quor appears by the hydrometer to be fufficiently evaporated , 
tne fire is withdrawn from the boiler, and a flrtam of impure 
alkaline lixivium, from kelp and foap-maker’s aflus, is let into 
the liquor already in the boiler ; at the fame time the cock 
at the bottom of the boiler is turned, fo as to allow the con- 
tents of it to flow into a refervoir, by which management the 
two liquors are Ipeedily and cfFeftnally mixed. It remains 
in this refervoir for tlmee hours, during which it depoiits an 
earthy and ferruginous fediment by the adlion of the alkali, 
and becomes of a clearer colour ; it is now transfened into 
another large vat, and has its fpccific gravity again taken, 
according to which a greater or Icfs quantity of putrid urine 
is added to lower it to the proper flandard ; being then agi- 
tated brifkly fora quarter of an hour it is left at reft, and in 
the courfc of five days the cryftals are depofited. In fome 
French and Swcdifti manufadones the liquor, after being 
boiled down, is merely agitated for fome tmic without adding 
any alkali, and then palled into the cryftallizhig tub. The 
rough alum being wafhtd in order to feparate it from the greem 
vitriol which is depofited along with it, is put into a fmall pan 
with a little water, and when diffolvcd and boiling hot, fome 
bullocks blood, or other fimilar fubftance, ibiifually added for 
the purpofe of clarification : when this is efttdled, the liquor 
is run into caflcs, where the cryftals are depofited in large 
maftes ; after ten or twelve days the mother^ water is poured 
out, and the fait, being then dried, is ready for fale« By 
keeping in mind the analyfis and expciimetits in § i. of this 
article, it is eafy to underftand the rationale of the manufac- 
ture, as well as the advantages and faults of each procefs. As 
foon as the pyrites is converted into fulphat of iion, whether 
by roalting or by fpomaneous rfllort fcence, it begins to be 
gradually decompofed by the lime and magnefia that may hap- 
pen to be in the ore, therefore the lefs there is of thefc two 
earths, gxt’dXtx ceeUrts partlus will be the produce of alum. 
Clay is incapable of decompofing fulphat of iron ; but hy ex- 
pofure to the air, cfptcially when affifted by the adlion of 
heat, the mttal becomes highly oxygenated, and is no longer 
combinable with the acid which then unites with the clay, 
as being the fubftance in the ore of next affinity. Hcncc 
arifcB the advantage of the pradlicc at Flonc of roafting the 
ore after the formation of the fulphat of iron. We have al- 
ready feen in § i . that fulphat of alumine, even with txcefs 
of earth, is folublcin water, but that it becomes infoluble on 
the addition of potafli ; on this account, therefore, coal, 
w'liich contains little or no potalh, is a far preferable fuel for 
roafting the ore than wood which yields a great deal, as «.ll 
the alum, thus rendt “td incapable of txtradlion by lixivia- 
tion, is loft. The bitumen in the ore, however, diminiflics 
the confumption of w’ood, and the lixivium confills of the 
fulphats of iron, of alumine, of lime, and magnefia. By long 
boiling and evaporation the iron becomes fo far oxygenated, 
that the addition of an alkali will decompofc the iuTphat of 
iron, rather than the fulphat of alumine. If the alkali i8c\cr 
fo Httk in cxcclb, the aluminous fulphat will be the next de- 
compofed ; this is therefore to be carefully avoided. Nor is 
tiiekind of alkali ii matter of indifference, for iince only am- 
monia and potafn are capable of forming cryllallizable alum, 
it would appear that the ufeof foda in iheFnglifh manufac- 
tories might be advaritageoufly fuperfeded by potafh ; in- 
deed the chief ufe of the kelp feems to coniift in the potafli 
which this impure foda contains. The principal thing to be 
attended to in the boiling dowm is to bring thv liquor to fuch 
a degree of concentration, that the alum ftiall be depofited 
with as Utile as puffible of the other falls. 

The ,molhcr-wattr, when thrown away* holds in folution 
fulpliats of potafh or foda, and fulphat of magnefia, the ex- 
tradion of which was made the fubje^of oue of LK>rd Dun- 
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donaId*s patents, but we believe the profits have not yet an- 
fwered the ex pence. 

The nature of alum, and confequently the true theory of 
its manufa<fture, has only been known fince the publication 
of Vauquelin’s excellent memoir on the fulne^l in the An- 
nales dc Chimie ; it is not furpnfing, therefore, that all the 
long-eftabliHied procelTcs flioiild be more or lefs defective. 
Perhaps the following method would be found to combine 
more advantages, and be fuhjedl to fewer inconveniences than 
any which has been hitherto put into practice. The ore 
(liould be firll flightly roaflcd with coal to dri\e off the bitu- 
men, and forward the decompofiiion of the pyrites, which 
may be further accelerated by moderate waterings, and expo- 
fure of frelh furfaces to the aftion of the air. When faline 
e/Horefccncefi appear at the top of the heaps of ore, and 
their interior, upon being dug into, alfo feems penetrated 
with white faline ])articlrs, let llic ore be difpofed in alter- 
nate ftrata with coal, and again roai^ed, fo as to decompofe 
as much as pohible of the fulphated iron, and combine the 
acid with the clay ; the flower and more gently this procefs 
can be carried on, the more completely wul its object be an- 
fwered. The lixivium obtained from this roafted ore will 
conflfl chiefly of fulphated alumine, nearly faturated wdth 
earth, but, on account of the abfence of potafh, perfc^lly 
foiuble. By the fubfequent boiling and agitation, part of 
the fulphat of iron would be decompofed, and this oxydation 
of the ii*an might perhaps be Hill further effe6^ed, by pouring 
the liquor through heaps of faggots, expofed to the wind, as 
is. done in the houfes oj' graduation for brine in France and Ger- 
many. The ferruginous and felenitic fediments being now 
allow'cd to fettle, the clear liquor ought to be transferred 
into another refervoir, and there mixed with a hot folution of 
acidulous fulphat of potaflt, fuch as remains after the diilil- 
lation of aquafortis from nitre and fulphuric acid ; cry-ftals 
will be immediately depofited of an alum much purer than 
common $ and thefe, by a further clariEcatioo, may be made 
equal to that of La Tolfa. 

$ 5. ManufaSure of Alum ly ChaptaVs procefs. 

An attempt had been made, but with little fuccefs, at the 
manufadtory of Javclle near Paris, to prepare alum by the di- 
re A combination of its conftituent principles ; but it was not 
till the admirable and deciflve experiments, in the large way, 
by Qhaptal, piiblifhed by him in the genuine fpiiit of pkilo- 
fbphic liberality, that the pradricability of this method could 
be faid to be eftublifhed. According to the modern way of 
preparing sulphuric acid, the requifitc proportions of 
lulphur and nitre being mixed together, arc brought to corn- 
bullion in a clofed chamber lined with lead ; the fulphur is 
thus acidified and converted into vapour, which by degrees 
unites wdth the water that overfpreads the floor of the cham- 
ber, and forms a liquid, diluted, fulphuric acid. A fimilar 
procefs was inilituted by Chaptal, only fubilituting dried 
clay for the water ; the rcfult of which was fo favourable, 
that a lai^e manufadiory on the fame plan was ftt on foot ; 
which, having continued in full adlivity for feveral years, and 
producing alum only inferior to that of La Tolfai merits 
a particular defeription. 

The chamber in which the combuftion is performed is 91 
feet long, 48 feet wide, and 3 1 feet in height to the pitch of 
the root. The walls are of common maionr)', lined with a 
moderately thick coating of white plafter ; the floor is a 
pavement of bricks, fet in a mortar, compofed of baked and 
unbaked clay ; and this iirft pavement is covered by a fccoiid, 
in which the bricks are made to overlie the joints of the 
lower ones, and are themfelves flrmly connedled to each 
other by a otment, compofed of equaa parts of pitch, tur* 


pentine, and wax, made boiling hot, and poured between 
the joints inflead of mortar. Tnc roof is 01 wood, and the 
beams are fet at much Icfs diflances than common ; they are 
alfo channelled with deep longitudinal grooves, for tlic pur- 
pofe of receiving the planks that fill up the fpace between 
the beams ; fo that the whole of this great area of carpentry 
does not prefent a fmgle nail. The chamber thus con- 
ftrufled was covci*ed on the fides and top with a layer of the 
cement juft mentioned, applied as hot as pofTiblc fo as to pe- 
netrate into all the pores of tlie wood and plafter ; three more 
fucceffive layers were then laid on, and the laft was poliOied 
fo as to prefent an uniform, even, folid face. In order to 
prevent the wood-work of the ciding from warping, it was 
covei'ed on the outfide with a thick coating of cement, and a 
light roof of tiles was laid over the whole. By fubftituting 
this cement for a lining of lead, a vaft faving was eft'c6ted in 
the firft expence ; and it has been found, by long experience, 
to require much fewer repairs than even lead itfdf. 

The clay ought to be of the pureft kind, fuch as pipe-clay { 
that it may contain neither lime nor magnefia. and as little 
as pofliblc of iron. It is to be tempered with water, and 
made into balls five or fix inches in diameter ; thefe being 
dried in the fun, are afterwards calcined in a furnace ; the 
firft efFc6l of the beat is to blacken them, but foon after they 
become red hot, the carbonaceous matter which caufes the 
blacknefs is burnt out. Being thus withdrawn from the fire 
and cooled, they are broken down into fmall fragments, 
and fpread on the floor of the chamber. In this ftate they 
are expofed to the vapour of fulphuric acid from the com- 
bullion of fulphur and nitre ; and in a few days the pieces 
arc obferved to crack and open, and to be penetrated with 
/lender faline cry Hals. The earth being at length covered 
with cfBorefcences, it is removed from the chamber, and ex- 
pofed to the air under flieller of a flied, that the acid may 
obtain its higheft degree of oxygenation, and become tho- 
roughly united witli the earth. It is now lixiviated, and the 
liquor contains, in folution, little elfe than acidulous fulphat 
of alumine : this being boiled down to the proper confiftcnct, 
a folution of fulphated potafli (being the refidue in the pots 
of combuftion from wdiich the fulphuric acid was produced 
in the chamber, and confifting ot the alkaline bafe of the 
nitre combined with fome of the fulphuric acid) is poured in, 
and the liquor being then transferred into a large vat, per- 
fedl cryftals of alum are ftiortly depofited, which arc alter- 
wards refined in the iifual manner. 

The advantages of this procefs are numerous. It may be 
carried on whenever a fupply of proper clay can be had. TIac 
fpace taken up by the works is much lefs extenfive than 
what is required according to the common methods. The 
whole manufafturc is performed in at moft one-third of the 
time ufually ncceflaiy. A large quantity of fuel is faved. 
The extraneous falts in the mother-water arc fewer; an im- 
portant ufe is made of the refidual fulphat of potafh ; and 
iailly, the alum itfelf is much purer, and almoft eqiially well 
adapted to fix tlie delicate dyes as that of La Tolfa, the 
commercial price of which is generally about double that of 
the Engli/h alum. 

f 6. Brun/wicl Alum. 

The dilute red colour of the roch alum, and the flcfh-co- 
loured cfHorefcences with which its cryftals are covered, being 
its diftinguifhing character among the merchants, occafioned 
two brothers of the name of Gravenhorft to manufaAure, 
fome years ago, a fpurious imitation of it at Brunfwick. We 
know not whether the manufafturc is ftill carried on or not ; 
but if it is, the public will be benefited by the communi- 
cation of an eafy method of detcAing the counterfeit, more 
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crpe^ially as rocli alum i$ the kinfi tifed in rnediclnet 
and the BriinCwick imitation of it contains nrfenk* The 
external appearance of the two forts differs but little'. The 
tafte of the Bninfwick alum is Icfs ftyptio than that of the 
roch al'im, it is Itfs foluble in water, and when heated to 
rodnef;, it lofes only percent, of Ifs oii'^inal weijjht, 
while the oth^r lofts 50 per cent. The roch alum, when 
explored to the blow-pipe, hfoomes opaque, fwells, foams, 
and is converted into a fpimcry white nr.af«. The Brunfwick 
alum, on the cotitrarv. fwtHs lefa, fcarctly ff)runs at all, but 
xnelts, and becomes of a gr.-.^n C'llour, exhaling at the fame 
time an arfenical vapour. Again, the precipitate from a fo- 
lution of roch alum by potafh orfoda, being mixed with bo- 
rar, fufes before the blow-pipe into a white or ytllowiih 
white ; whereas the Brunfwick, by the fime treatment, af- 
fords a violet-cohnired globule ; and in fa6l it is iiotliing more 
than commorl alum, containing a little cobalt and arfenio. 

J 7* Comparifon of EnglifJ:^ Roman, Levant, ami French 
Alum. 

The Roman alum. manufa6hircd at La Tolfa, ia the 
purelf and deaivfl of all ; it is in pieces about the llze of a wal- 
liut, (hewing mo'c or lefs of its cryllalhne form, and is opaque, 
on account of a farinaceous efflorefcence with which it is co- 
vered. 'fhe Levatit or roch alum appears in fragments of 
nearly tlie fame (ize as the former, but in which the crylhl- 
Ii?ie form is more obfeure ; it is externally of a dirty rofe- 
colour, and internally exhibits the fame tinge, but clearer. 
Smyrna h the place whence it is ufually (liipped for Europe •, 
but it w'as anciently made at Roccha, or EdelTa, in Syria, 
whence its commercial n.tme rocft-alum. The French alum, 
that is, Chaptars, deferibed in § 5, is in fniall, clear, colour- 
Icfs cryftals. The Englifli is in large, irregular mafTrs, confi- 
derably harder than the others. Equal portions of all thefe 
kinds, being expofed in a muffle to a red heat, were weighed 
after the iniumcfcence was over, and the lofs by calcination 
in the Roman alum w’as /Jo per cent. ; in the Lcvaiit alum 
40 per cent. ; in the French alum 57 per cent. ; and in the 
Knglifh 47 per cent. Of pure water, at i J4® Filhri Roman 
alum required 14 times its weight f«»r fnlutioo ; 1 Levant 
alum required 12 parts ; French alum j 3 parts } and Knglifh 
15 parts. 

Equal parts of thefe four kinds of alum being diffolvcd fe- 
parately in water, tlie fame quantity of prufTiatedi Hme was 
added to each folution. That of the Englifli altim became 
flinhtly blue at the end of a few minutes, as wasalfo that of 
the French alum, though the tint was rather lighter 5 after 
fome time the Roman alum became faintly blue ; but the 
folution of Levant alum was only lightly yellow, the natural 
colour of the prufflated lime. After two days an inap- 
preciable quantity of blue precipitate was dc^pofited from the 
Englifli alum, rather lefs from the Roman and French, and 
only a few atoms from the Lt vanlme ; the three (irll: folu- 
tions were of a bluifh green tint, but the lalt was a very di- 
lute yellow. . r t 1 r I • 

Equal parts of the four forts were diiiolycd feparately in 

pure water, and their earthy bafe was precipitated by an ex- 
cefs of ammonia. The precipitate from the Roman^ alum 
was of a pure dead white ; that of the J .evantine and hrerch 
was nearly equal to the Roman ; but that of the Englifli 
was of a njR perceptible blinlh tint. By calcination in a red 
heat, they all at firft became blackiih, and ended with being 

perfeftly white. . r t. n 1 

"Hence ia apparent the fupenonty of the Koman alum, 

and the inferiority of the Englifli, when ufed as mordants 
for the mod delicate colours ; tor other colours, and for the 
f a-»ous ufcsbcfides to which alum is applied, each kind may 


be ufed Indiffercutly. The Eogliih pofTcfles lefs water of 
cryftallizatioii than the Roman or French ; and a given 
weight of it will go further than the fame quantity of any 
of the rcll, as 12 per cent, is to be deducted from the Le- 
vantine, on account of the reddifh infoluble fediment with 
which it is contaminated. 

§ 8. irflorlcal nottce of the Inivodudion of alum^wallng intj 
Europe, 

The ancients appear to have been acquainted only with 
the native plume alum, which they procured from Lipari, 
and the nc*ighhouiing volcanic iflands. In the 12th, iqth, 
ami 14th centuries it was manufaclurcd at EdcfTa (Rocc(ia) 
in Syria, in the vic ii.ity of Cou!lanti«'(>ple, and at P’nocuca 
(Foya nova), not far bom Sn'‘yrna. Bar’holomrw KkIix, a 
CJcnocfc im:rc]iant, who had often vifiicd Roccha, difeovered, 
about the ytr.r 14'; ;, a vein of alum ore in the iflaml 
lichia, and there tlbvhiifflcd the (irll lUiropta'i manufaclory 
of alum ; ffion aft'^i John dc Caflro diicovered the body of 
ore at La 'rolfa. ElKiblifhincnts were then made at Vitrrbo, 
Volat.“iTa, and other places in Italy, with fin*h fuccefs, as 
iiidiued Pope Pii.s IT. to prohibit the itnpor taiion of Ori- 
ental alum. In th.c [6tl\ century thi**. art was introduced 
into Germ.iny and Spain ; and a little before its conelulion 
tlie Engldli Mlmn- works at Wliitby were iiiflituted by »Sir 
Thomas Chaloner, who had the honour of being perfonall/ 
excommunicated by the reigning pooc on this very account. 
The carliclt of the Swedifh works dates noliiglur than 1647. 
Macquer'a Chymifehes wbrterbuch von I.eonhardi, art. 
Alaun. Annalesde Chimie, vols. viii. xiv. xxii. xxix. Plinii, 
Hid. Nai. lib. XXXV, c. /ja. Bergman's Elfays, vol. i. Me- 
moiits de I* Acad. Royalc, vol. v, Kncycloptdic Method, 
ait. Ahin. 

Alum, in Chemlflry, Mattria Mcd’ica, See. Sec Sul- 
VHkT of Ahmme. 

ALUM INK. — Pure earth or alum. — Pure clave y 
OR ARGii i.ACKOus EARTH. Alumtne ^^Fcrre d'alun , — 
Ferre arfdlt'ife, Fr. — Th-m-erde, Germ. 

The word illumine has been adopted, wdthont alteration, 
from tiie iroJcrn Frcncli nomenclature, by the mijoib- of 
Knglifh cheniids, ns the technical name of pure argidaceou:* 
earth, on account of its being generally procured by the 
dccompofition of alum, when required to be in a (l.itc of ex- 
treme purity. 

Next to iTIex and lime, alumine appears to be the mod 
commonly occurrjjig eaith in thoi’e iiony or enrtliy inafres, 
of which the globe, as far as wc arc acquainted with it, 
is principally compohvd. It forms the cflciitial, though iVi- 
doin the gicatcd part of all kinds of clays, giving to them 
the property of dudility or plallicity when mixed with wa- 
ter. When in a date of more iritimatc combination with 
(ilex it lofes its quality of pladicity, and g’ves to the mine- 
rals in wh.ich it enters, the charai^’^erfi of opaciev, of hard- 
iiefs inferior t,o that required for dnkmg f;rc with deel, of 
that odour known by mincralogills under the name of 
earthy, and of that ahfence of ct) dalline I’oim which is 
calk d amorphous ; fuch are the immeufe nrafFcs of ilatc and 
argillaceous fchillus that abound in alrnod all mountainous 
tra<t^s, the boles, the colorific earths, the loadilones and 
clay porphyries. Alumine, however, octafionally, though 
very rarely, enters in large proportion into crydalliied mi- 
nerals, and then in its external characters of liardnefs, tranl- 
parcncy and ludre, approaches very nearly to filex : fuch is 
the adamantine fpar, inferior ordy in hardnefs to the dia- 
mond, and which contains from ,60 to 90 per cent, of alu- 
mine: fuch alfo is the fapphiie, which by tlie analyfis of 
Klaproth appears tp contain no lefs than 9^ per cent, of 
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pure alunilue. Thefe, however, which arc more properTy the 
mineralogical than chemical chara£lcrs of ahiminc, will be 
treated of more at large in the fiibfcqucnt mineralogical articles. 

Pure akimiue, in a flute proper for clicmical experiment, 
has hitherto never been found native, and it is only of late 
that chemifls have difeovered the mctliod of obtaining this 
earth fufliciently free from foreign admixture. The me- 
thod of Ikrcman and his contemporaries was to decompofe 
a folution or purified cryllals of alum by an excefs of car- 
bonated potafh, or foda, and to wafh the earthy precipitate 
in repeated quantities of dillilled water, till it catne on per- 
fedlly laftelcfs and pure ; a white uniform foft matter was 
thus obtained, w’hicli was fuppofed to be carbonated alii- 
mine, and this by drying in a heat below that of rednefs, 
was deprived of its acid and water, and was then efteemed 
pure alumine. The infufiiciency of this method had be- 
gun to be fufpefled for fome time, however, particularly 
from the appearance of fulphurated hydrogen, when alumine 
thus purified was heated tvith charcoal, and afterwards 
moiflened wdth a diluted acid, and the admirable memoir of 
Vauquelin on alum, (which lias already been referred to 
under that article) not only eftablifhed the validity of thefe 
fufpicions, but pointed out the method of avoiding the er- 
rors of his predcccffors, and thus introduced a vciy import- 
ant improvement in the difficult art of chemical analyfis. 
Alum haj already been (hewn to be a triple compound of 
alumine, potafh and fulpburic acid in excels, and when this 
excefs of acid is taken away, either by the addition of 
alumine or of an alkali, an infoluble fait is produced differ- 
ing from alum only in the proportion of its earthy bafe ; now 
the cafe with which a fait is decompofed depends very ma- 
terially on its folubility, when, therefore, we add gradually 
to a folution of alum a folution of carbonated alkali, the 
firil cife£l is to neutralize the excefs of acid, and the preci- 
pitate confifts principally of the infoluble fait Juft mention*, 
ed ; a further quantity of alkali, cfpecially if affifted by 
heat, will effeft the dccompofition of part of the fait, but 
in proportion as this takes place the relidue becomes mixed 
with the alumine, and thus is covered from the further ac- 
tion of the alkali. This being the ca{e, it is obvious that 
no fubfequent waftiings can do more than feparate the ful- 
phated potafli ; and therefore the refidue, inftead of being 
pure alumine, contains befides a variable proportion of 
earthy alum, from which hift proceeds the fulphur obfer- 
vable on heating it in a clofe veffcl with charcoal. 

The only way by which alum can be made to yield its 
earth in a ftatc ot fiifficicnt purity for delicate chemical 
experiments, is the following. Take any quantity of Ro- 
man alum, and diflblvc it in lukewarm diftilled water, filter 
the folution, and fet it to cryftallize. When by cooling 
and fpontancoiis evaporation, a fufficient portion of this 
purified alum is depofited, take it out and redinblve in cold 
diftilled water ; to this folution add liquid cauftic ammonia, 
a white precipitate will be thrown down, and continue the 
gradual addition of ammonia till no farther precipitation 
takes place ; heat the liquor then nearly to boiling for a 
few minutes, add more water, and throw the wliole on a 
paper filter ; in proportion as the fluid dizains off add w^ater, 
till it pafles through quite taftelefs. The precipitate, while 
yet in a pulpy Rate, is to be removed into a fialk, and di- 
gefted with muriatic acid till it is diffolvtd. The muriatic 
mlution being then concentrated by very gentle evapora- 
tion, will at length depofit cryftals of alum, which ai*e to 
be removed, and this procefs is to be continued till the li- 
quor ceafes to yield any more. Nothing now but pure alu- 
mine remains in the folution, the potafli and fulpburic acid 
being got rid of, at the expence of a little of the alu- 
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mine in the cryftals, the liquor is therefore to be diluted 
with water ; and ammonia fully fufficient for the decompu- 
fition of the muriated alumine being then added, the procefa 
of filtration and edulcoration is to be gone through as be- 
fore, and the rcfult w'ill be pure alumine. On account of 
the length of this method, and the poflibility that even 
after all a very minute proportion of fulphated potafh may ftill 
remain, it has been the pradicc of late with Vauquelin and 
Berthollct to procure their pure alumine from fuch of the 
natural clays as contain only filex and alumine, by digeftion 
in muriatic acid and dccompofition of the folution by am* 
monia. 

Pure alumine, obtained by the above methods, is opaque, 
of a fnow white colour, a fmooth fomewhat unftiious tcel, 
has no fmell, even when breathed upon, or moiftened with 
warm water, nor any proper taftc ; when placed upon the 
tongue, however, it abforbs all the moifture with which it 
finds itfclf in contact, and thus occafions a peculiar fenfa- 
tion of aftringency. It is readily diffufible, and remains 
for a long time fufpended in water, but appears to be to- 
tally infoluble in this fluid. Its fpecific gravity is varioufly 
eftimated, according to the degree of deiiccation, by Berg- 
man it is reckoned 1.30C, while Kirwan allows it as much 
as 2.0. After being thoroughly dried in a heat juft not 
fufficient to deftroy its plafticity, it is capable of abforbing 
2{ times its weight of water, without allowng any to 
drop out, and the water thus mixed is retained more ob- 
ftinately at the ufual atmofplieric tempei-ature by alumine 
than by any other earth ; a freezing cold however caufes 
this earth to contraA remarkably, and thns'fqucezc out a 
large proportion of its water. 

Alumine is the only earth that pofTefles the property of 
plafticity, or of being kneaded up with W’ater into a foft 
duftile pafte, capable of being formed by the hand or the 
potter’s wheel into any ftiape that may be required ; the 
plafticity therefore of all the natural clays is owing to their 
aluminous part ; nor is this property dtftroycd feven by a 
very large admixture of other eartlis ; in the finer kinds of 
pottery fcarcely a fourth of the wiiolc mafs is pure alumine, 
and yet its plafticity is unimpaired. If a piece of t^empered 
clay is dried gently in the air, it retains its form, but 
becomes quite brittle ; its former dudtility may, however, be 
rtftored by again kneading it with water. If expofed to a 
red heat it hardens, contrads in all its dinicnfions, becomes 
more compad, and of greater fpccific gravity, and is no 
longer plaftic, nor can this property be reftored to it by 
any other means than by folution and precipitation ; hence 
bricks or pottery ware, after having been baked, if pounded 
ever fo fine, are no more capable of forming a pafte with water. 

The adion of caloric on alumine is accompanied by fome 
iiiterefting phenomena which deferve mentioning. If the 
pureft plaftic alumine is cxpv)fcd to a low red heat, it becomes 
of a bluifli black colour, dpeclally on the infide, as is mani- 
feft by bixaking a piece acrofs that has been thus heated ; 
as foon as this colour is perceived the plafticity is deftroyed, 
a fad that renders it probable that this property of alumine 
depends on fomcthing elfe than mere water. By a further 
increafe of the heat with accefs of air, the carbonaceous co- 
louring matter is burnt out, and tlie alumine acquires a rc- 
fplcndent white colour, becoming at the fame time harder, 
denfer, and of lefs bulk : all thefe changes advance in gra- 
dual progreffion in projportion to the heat ; and after it has 
thus experienced the tnll effed of our moft powerful fur- 
naces, it will be found to be fo hard as to give fire with 
ftecl, and induced to nearly one half of its original bulk. 
Upon this ktt property is founded the ufe of 
PVROM£Tia,formeafuring the higher degrees of heat. The 
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dccrcafe of bulk is in part occafioncd by tbc expulfion of 
the laft particles of water ; but from the augmented fpecific 
gravity of the aluminc, it is plain that an aaual condenfation 
or approximation of moicculse takes place, as is obfcrvable in 
various other porous fubftances previous tofufion. Whether 
any artihcial heat is able to bring this earth into real fulion 
IS as yet dubious ; for though Lavoifier, by means of a 
blow.pipc chamed with oxygen gas, reduced a piece of alu- 
mine to a plTy fcmufluid llate. yet it is probable, as the 
earth was obtained from alum, that a minute portion of pot- 
.alh might aul be contained in it, and thus adt as a flux. 

Aluminc has a ftrong affinity for metallic oxyds, efpecially 
the oxyd of iron ; hence anfes the difficulty, and irclctd al- 
molt impoflxbility, of obtaining alum free from iron in the 
great way, becaufe all natural clayn and aluminous ores con- 
tain more or lefs of this metal. The only way of accurately 
fcparating thefe two fubftances is by digcllion in cauftic 
which will difTolvc the earth but not the oxyd. 

Thefe two fubftances are alfo capable of ading on each 
other in the dry way at high temperatures ; and fome im- 
portant experiments on this fubjed are recorded by Achard 
and Kirwan, from which it appears, that when the proper- 
tion of aluminc exceeds that of the oxyd of iron, the mixture 
is in all cafes very difficultly fufible ; that when the proper- 
tions of the ingredients are equal, and efpecially when the 
iron predominates, the refult, after expofure to a heat of about 
160"^ Wedgewood, is a dark-colourcd vitreous flag. 

The attradion too that fublifts between aluminc and ve- 
getable or animal colouring matter, is fingularly powerful. 
Thus, if, to a watery infufion of cochineal or madder, a few 
drops of a folution of alum arc added, a dccompofition fliort- 
)y takes place, and the whole of the tinging particles unite, 
and are precipitated together with the aluminous bafe of the 
earthy fait, leaving the fiipcrnatant liquor wholly colourlefs. 
Fugitive colours alfo, by this combination, become of fuf. 
ficient permanence to rclift for a long time the changes to 
which they are fubjed ; hence is explained the preparation 
of the Lake figments, and the theory of Mordants in the art 
of Dying. 

In the dired way fulphur appears to contrad no union 
with aluminc } and the hepatic gas that is feparated by an 
acid from alum, after having been heated with charcoal, is 
no longer a decifive evidence of fulphuret of alumine, fmee 
the difcovery of the ncceffity of potafti to the very conftitu- 
tion of common alum. 

Upon the gafeous fubftances aluminc has not been ob- 
ferved to produce any change, although Humboldt has 
publifticd (Annalcsdc Chemie, vol. xxix.^ a long and plaii- 
fibJe memoir, to (hew that alumine abforbs the oxygen of 
the atmofphere, and hence produces an important effed in 
the economy of vegetation. It is true, indeed, that many 
natural clays will dcoxygenatc atmofpheric air ; but this is 
folcly owing 10 the carbonaceous matter, and oxyd of iron 
that they contain, it having been proved by accurate expe- 
riments, inftituted for this purpofc by Theod. Sanfl’ure and 
others, that pure alumine has no effed whatever on oxygen 
gas or atmofpheric air 

All the acids arc capable in particular circumftanccs, of 
combioing with alumine ; but' thefe combinations are not 
accornplimed with the fame cafe as thofc between the acids 
and alxalinc earths. The ftronger mineral acids will take up 
alumine from clay by digeftton at a boiling heat, but the ve« 
geUble and other weaker acids will not readily effed a folu- 
tion, except the alumine is prefented to them recently preci- 
pitated by an alkali from fulphuric, nitric, or muriatic add. 

All the aluminous faks are decompofed with precipitation of 

the earth by the cauftic or carbonated alkalies, or alkaline 
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eartlr*. For further particulars fee the falts under their re- 
fpedive acids. 

Ammonia has not yet been obferveJ to exert any aftion 
on pure aluminous earth ; but both potafh and foda, when 
cauftic, will diflblvc it without any difficulty. This may be 
done by evaporating todryntfs, and igniting in a filvcr cru- 
cible, a mixtinc of cauflic alkali and alumine, and then lix- 
iviating the mafs, or merely by boiling lomefrdh precipitat- 
ed alumine in a watery foliuion of the alkali. This alkali &- 
ed aluminc has of late been recommended as a preferubie 
mordant to common alum in the fixuig of thofc cedoura that 
arc irfjurcd by the prefence of fulphuric acid. To feparate 
aluminc from its folution in caullic alkali, it is neceliary to 
add nitric or muriatic acid in iiiHicicnt quantity to neutralise 
the alkali and diffolvc the aluminc, and then to precipitate 
the earth by cauftic ammonia. 

The artion of barytes on alumine is analogous to that of 
the alkalies, yet preients fome peculiar charafters. When 
a I'jlution of cauftic baiytes in water is added to a liquid 
muriat of alumine, the lirft effefl is the appearance of a pre- 
cipitate, owing to the dccompofition of the fait by the ba- 
rytes; if this laft, however, is added in excefs, the alumine 
is rcdifTolved by it, and the liquor becomes clear. 

Again, if equal parts of newly precipitated aluminc and 
cauftic barytes are boiled together in a quantity of diddled 
water fufficicnt to take up the barytes, about half the mix- 
ture will be diftblved, and upon analyfis the inioiubic rcficlue 
will be found to confill of aluminc, with a Imali proportion 
of barytes, while the folution will con lilt ol much barytes 
and a Htilc alumine. By adding to the liquor fume muriatic 
acid, to engage the cxctls of barytes, a floe jlent precipitate 
will be depoiited, conliftingof the two eaiihs, nearly in the 
proportion of the original infoliible rtfiduc. Hence it ap- 
pears that aluminc combines with barytes into a ialt which 
is infoluble in mere water, but is capable of being rendered 
foluble therein by tbc aflillance ol barytes. In the dry 
way, at about 150° Wedgewood, any mixtures of the two 
earths in which the aluminc prepondt rates remain pulveru- 
lent i but when the baiytes is three or lour times as much 
as the alumine, the powder concretes into a hard mafs, 
without, how'cvtr, fhewing any figns of fufion. In order 
10 dccompofc barytic alumine, dilfolve the whole in muriatic 
acid, and add cauftic ammonia ; the aUim«nc alone will be 

precipitated. 

Stroritiaii produces the fame cfFcCl on aluminc as barytes, 
but more feeoly ; the adion of thefe two fubftances in the 
dry way, on each other, has not yet been the iubjeA of 
experiment. 

It appears highly probable that lime has a fimilar affinity 
for alumine, as the reft of the alkaline earths poffefs;. the 
only experiment, however, upon the fubjedf, is opc of Mor- 
veau I he mixed equal parts of muriat of alumine and mu- 
riat of lime in folution, and immediaiely a precipitate took 
placed, which was infoluble by an excels of acid ; this has 
been lince repeated by Dairacq, a. pupil of Vauquelin, with- 
out effect, tiic liquor remaining perfectly limpid ; hciicc it 
is probable that the alumine ot Morveau was not quite free 
from fulphuric acid, and that the infoluble precipitate was 
merely lelenite. In the dry way lime and alumine in any 
proportions arc infufible, except by means of a blow-pipe, 
charged with oxygen gas. 

The aftion of magneiia on alumine is not yet fully afeer* 
tained: it appears, however, from Mr. Chenevix^s experi- 
**'5“^*j that the ammoniaco^magnefian triple arc formed 
with difficulty, when aluminc is prcfcnt, and that magntlia 
prevents, in a great meafurc, the folu^lity of alumine in 
the cauftic fixed alkalies. This combination of the two 
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cartlis is, however, T' ' ^ nnj -r s oi ini" • jids, and 

may tlkcn bedecomjof t ' ?• « of foda 

or of aramouia, wh ch willprcc. i Oil aiumia. and retain 
tlie magnefia in folution, or by an ai: 'linv pri'fli.it, which 
will alio lepar.iie the alirninc while th pruniated magnefia 
remains dilTolvcJ. In the dry way, aeeordnig to Kinvan, 
magnefia and alumine at Wedgewood have no adlion 

on each other in any proportions, 

A confidcrable degree of affinity cxifts between filex and 
alnmine, and the unfufpe^-ted formation of this compound in 
many analytical experiments on mmcrals has often produced 
a number of deceitful and embarrafiing appearances, whicli 
Invc vitiated thercfults of many a laborious ainlyfij. Clie- 
i.nllry is, therefore, indebted to Klaproth for ihewitjg, that 
.•/i*en to a folution of pure file x in canllic potalh in iiddcd a 
ff^lntion of alumine equally pure in trie (nine nuntlrmnu, 
th.e Injiior immediately an*umcs a leddilh brown colour; and 
iittu* (landing an hour or moie, coagulates into a thuk 
opaque whltiih jelly. Tliis jelly, by llie addition of a little 
warm water, is refolved into a fluid, and being then mixed 
with muriatic acid, to the exaft faturatioii of the alkali, a 
copious precipitate is depofited, conlilling of the two . arth^, 
in a (Idte of combination ; if now a (light excefs of acid is 
dropped in, the filex as well as the alnmine, will be per- 
fectly diflblvcd. Carbonated potalh will again caufe ti e pie- 
cipitaU-to appear, and tins even when fepmated by filtration 
and dried, will be dill entirely folublc in dilute fiilpluiric 
acid, without the fmallell depofitiou of fihx. If the ful- 
phuric fohition is now gently evaporated, cryftals of alum 
will be depofited^, and the remainder will aflumc the form of 
a clear jellyi the furface of which, after a few days, will be 
covered with cry'ftalline pyramids ; and in order to fliew that 
it U really filex mixed with alumine, which has thus repeat- 
edly been difTolvcd in acids, nothing more is neceflary than 
to mix this jelly with a large quantity of water, and diged 
it for fomc wdiilc in a moderate heat, ftirring it repeatedly 


at the fame time, when the liquor will become turbid and 
pure (ilex will be depofited. In the dry way, according to 
Kirwau, equal parts of alumine and filex at Wedge- 
wood concrete together, but (hew no figns of ftifion. 

Alumine is as yet a pure chemical clement, never having 
been compofed or analykd. From its affinity with colouring 
matter, and its blackening in a low' heat, Ikron was of 
opinion that it was of a metallic nature, and even Lavoifier 
entertained the idea that it might be a metallic oxyd, whofe 
component elements were uoitra together bv a very powerful 
affinity. Bcaumcconfideis the earth of alum as eifentially 
the fame with filex, being led into this midakc by fufing 
rock Cl y dal repeatedly with potafh, and always obtaining 
alumine ; this experiment of Beaunic was repeated by 
fcjchrele, who foui.d indeed that it was true whenever an 
earthenware crucible was made ufe of, but perceiving the 
crucibles corriided internally afur every procefs, he furpe^ted 
that the alumine was furniilicd by the action of the alkali 
upon them ; in proof of which he repeated the fufioii of 
filex with potalh in an iron crucible, and as might be ex- 
pected, Old not p’oeure a particle of alumine. 

The idcfi* of pure alumine are wholly confined to the la- 
boratory ; it gives, however, their peculiar cluiradter to all 
clays; t.ery thing, thertfore, that ck pends on the cohefive- 
nefi and plallicity of thefe Inbllanceii when frefli, and tlicir 
hardnefs after being baked, may be fairly attributed to the* 
alumine which they contain ; hence, it is the bulls and ma-' 
tcrial of all the arts of pottciy, from the con'mon brick to 
the fined porcelain, and thefe include more of the comforts 
and eltgKucies of life than arc peihaps dependent on any 
other fi^itancc in nature. 

Journal dc Pbyfique, vol. lii,— Schcclc’s Effays.- Klap- 
roth's Analytical Effays. — Kirwan's Mmer?1.'gy, vol. i.— . 
An* al s de Ch’inic, vols. XKviii. xxix.xxx . xl. — Macqiit r's 
Chcmifchcs Wortcrbuch, vol. vi.— Beaume Chymie Expe- 
rimcntale, vol. i. 
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AMMONIA, orVoLATUE Alkali. Alkali volatile, 
jlmmomajuff Vr.^jlHali Jluchtt^ea} Hanifalz^ 
iirinfah^JIuchu^esy Germ, 

Under the article alkali wc noticed foinc of the pecu- 
liar pi’opcrties of the volatile alkali whereby it is dilHuguilh- 
cd from the^^.W. We (hall, in this place, give a more par- 
ticular account of ammonia, which requires conftderable no- 
tice from its high importance as a chemical agent, and from 
the numerous rcfearches which have been made into all its 
properties and combinations, with more fuccefs than per- 
haps has fallen to the (hare of any other fubilance of equal 
value to the chemift. 

As ammonia is never found native in an uncombined 
ftate, and is, in molt cafes, a produtt of various naturnl or 
artificial procefles, we (ball refer tlie reader to the articles 
an I « a L matter, carbonat of ammonia, Muriat of am- 
monia, and fait of hartshorn, for every thing that relates 
to the natural hiilory of this alkali and its produAion iu 
the large way as a manufadure, and (hall here coniine our- 


fclves to the purely chemical defenption. 

The volatile alkali (like fo many other chemical agents) 
when perftdlly pure and uncombined, is only known to us 
in the form of a gas ; and, as it is the only one of the al- 
kalies which is capable of alTuming this form in any com- 
mon degree of heat, the term alhahue air, ufed by Dr. 
PrielHey and many other chemills, is fynonymous with am- 
moniacal gas. This gas has the following properties : It 
pDffeffes a mod pungent fmcll, which, when ftrongly fnuf- 
fed up the nodrils, provokes to coughing, and gives a 
temporary fenfc of funocation, owing to thc .conitridion of 
the fauces which it produces. To the talle it is highly 
ftimuhitlng and acrid, and quickly corrodes the (kin of the 
tongue and lips, fo that it cannot be taken into the mouth 
in the undiluted form with fafety. It is fpcedily fatal to 
animals that are immerfed in h, and it extinguifhes a taper ; 
but|thc flame of this lall ie firll enlarged, and becomes of 
a pale vcllow colour. Anunoniacal gas is, next to hydro- 
gen, the lighted of all ;the gafeous bodies* Its fpccific 
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gprjivlty ntaT be reckoned about 0.735 water be* ferfeSly faturaieitf 100 grains of the liquid alkali contained 

ing 1000.) whereas atmofpheric air is 1.23, or nearly 25.37 grains of ammonia, which is tull one-third of the 

twice as heavy as alkaline air. The abfolute weight of 100 weight of the water employed, and had the fpecific gravity 
cubic inches of this gas at 30° bar. and 61® therm, is of .9054. Other writers, however, make the Ipeciitc 

reckoned by Kirwan to be 18.16 grains. It is highly di- gravity of faturated liquid ammonia as little as .897. The 

Utable by heat, and at a very high temperature is decom- mntle heat of a fpirit lamp ag^n expels the alkali in the 
pofed. It is alfo very rapidly and copioufly abforbed by form of gas, but the laft portions require a ftrong ebuUi- 
fnoft liquids, efpecially by water, and hence it cannot be tion before they can be made to quit the water. Wlien li- 
kept over water ; but, for the purpofes of experiment, it quid ammonia is expofed to a very intenfe cold, fufEcient 
muft be confined in well clofcd bottles or over mercury. to freeze mercuiy, as Meffrs. Fourcroy and Vauquelin have 
Ammoniacal gas is given out during the dillillation of al- obferved, it becomes a grey femi-tranfparcnt mafs, of the 
moft every animS, and fome vegetable matters, but it can- confiftence of a very (liff jelly, and with fcarccly any 
not in this method be procured fufficiently pure for chemi- odour. 

cal experiments. For this purpofe the muriate of ammonia The liquid ammonia is prepared in two methods. That 
(or common crude fal ammoniac) is the moft convenient which is the oldeft and the moft ufually pradifed, is to 
material for yielding the gas. This fait is readily decom- mix together quick-lime, muriate of ammonia, and water, 
pofed by quicklime, which laft unites with the muriatic acid and to diftil the mixture with a gentle heat. The London 
of the Ult, and expels the ammonia in its pureft and moft Pharmacopoeia orders for the preparation of the pure li* 
cauftic form of gas. The decompofttion is fo fpeedy, that quid ammonia, two pounds of lime flacked in two pints of 
a very pungent linell of volatile dkali is perceived merely water, and one pound of fal ammoniac, which arc to be mixed 
on rubbing together thefe two fubftances. If one part of with Ex pints of hot water, and to be kept in a covered 
dry fal-ummoniac is mixed with two parts of well burnt vefTel till cold. The liquor is then to be diftilled, and the 
lime (or lefs if the lime is good), put into a dry phial or firft pint which comes over is the pure liquid ammonia, 
earthen tube, and heated gently, the ammoniacal gas rifes This liquor, however, is by no means faturated with the al- 
in great abundance, and may be dire6ted by means of a kali, for during the heat, even of a gentle dillillation, the 
bent tube under a jar full of dry mercury, where it may be folvent power of the water is much leiTened. The moft 
preferved in the gafeous form for any length of time. Many elegant and effedlual way of preparing this liouor is to dif- 
of the metallic oxyds, efpecially minium or litharge, will engage the gas from the dry materials j ana by ufing the 
iupply the place of the lime and expel the gas from the beautiful apparatus of Woulfe, to caufe the ukab’ne air 
muriate of ammonia in very great purity. A ftill more to pafs into cold water where the abforption is much more 
Kimple method of obtaining the gas is to apply a gentle fpe^dy ; if neceflary, the increafe of temperature pro- 

heat to the liquid or watery folution of ammonia, which auced by this abforption may be prevented by fun-ounding 
expels from it the alkaline air that the water had previoufly the bottles with ice. The proportions of the ingredients 
been made to abforb at a lower temperature. It may be here ufed, may be two parts of lime (lacked in as Tittle wa- 
remarked that the difeovery of ammonia in a gafeous form, ter as poiHble, mixed with one part of dry muriate of am- 
as well as many of the moft interefting properties of this monia ^nd put into a retort for the produflion of the gas ; 
alkali, is due to Dr. Prieftley. and, in the condenfing bottles, about as much water as the 

Ammonia, diflblved in water (forming the Uouid ammonia weight of the fal ammoniac employed. The liquid am- 
of modern chemifts, the Jluor volatile aUtali of former times, monia is known to be thoroughly faturated with the alka- 
aqua ammonut purs of the Loudon Pharmacopoeia) is the line gas, when the bubbles pafs through the water undim^ 
form in which the cauftic ammonia is the moft familiar to niftied, and no further abforption takes place, 
us, and in which many of the properties of the alkali can Many of the combinations of ammonia with different 
be moft conveniently examined. This, whep pure, (hould chemical agents are highly curious and important j but as 
be perfcdly tranfparent and colourlefs as water, (hould have moft of them produce alterations which depend on the de- 
the ftrong burning tafte and pungent fmell of ammonia, compofition of this alkali, they will be better underftood 
and ihouki give no effervefcence with acids. This latter by the reader, if we ftrft relate fome of the multitude of 
left deferves attention on account of the variety of volatile fa£ls by which the analyfis of ammonia has been afeertained. 
alkaline liquors that are prepared, all of which, except the The conftituent pans of the volatile alkali are, hydrogen 
aqua ammonia pura^ contain more or lefs carbonic acid, and (or the bafis of inflammable air), and azot (the bafts of 
are much milder in all their fenftble propenies. plilogifticated air), the proportions of thefe two fubftances 

Ammoniacal gas is abforbed by water with great rapi- are, about 29, (in weight) ot the former, and 121 of the lat- 
dity, and at the Tame time a confiderabie quantity of heat ter ; and it may be remarked that this is the only ftmple 
is pven out from the gas, which is fufficient to raife the combination of thefe two fubftances with which we are cer- 
temperature of the water, and to be fenlTible to the hand, tainly acquainted. The proofs of this analyfts we (hall re* 
The fame gas, when put in contact with ice, melts it with late nearly in the order of difeovery by the various eminent 
apparently as much rapidity as if the ice were put into a chemifts who have thrown light on the fubje^. 
fire, and is gr^dfiy ablorbed, at the fame time that confi- ^ Dr. Prieftley was the firft who remarked a very intereft* 
derable cold is produced. At a moderate temperature ing change produced on alkaline air by means of clcAricity. 
water may be made to ^ffolve nearly one thiro of its For this purpofe he confined a known portion of this gas 
weight, or many hundred times its bulk, of this gas. The in a jar over mercury, and paffed a numbtf of fuccemve 
hulk of the water is fo much increafed by this procefs that eleAric explofions and fparks. He found a^ every (hock 
it becomes fpecifically lighter than diftuled water. Mr. that the bulk of the confined air increafed, and continued 
Davy, in hit experimentt on thit fubicA, (Refetrchet into to do lb till it had expanded to neatl, tluec timet itt 
■krotttOxpd, 1 80a) found that, at tM temperature of nal bulk* _ The air was now much altered in itt properu^ 
too gnnnt of liquid ammmiia* ludding in Iblntion Q.c oa for on kttmc up fome water into the jW| icaradj an, of 
graint of the alkalit gave a fpeciSc gravity of •9684* When the gat waa ahfoibcdiwbeMat before deaiiiatioa every pan* 
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tide of it would have rapidly united with this fluid. The 
gai was found to be highly inflammable^ and exploded when 
mixed with common air^ in the fame manner as the inflam- 
mable air procured from iron by an acid. The gas likewife 
after being a fliort time in contaft with w^atcr had entirely 
loft its alkaline fmell. The colour of the clc£lric I'park 
taken in the alkaline air was red, but white in the centre, 
when any confiderablc cxplofion had been taken. 

The fame eminent chemift likewife found alkaline air to 
be decompofed by pafling through a red hot tube, though 
not fo completely as by the elet^ric fpark. In performing 
this experiment he found the tube, through which the al- 
kaline vapour had paffed, lined with a black matter, and 
the liquor colle^ed after this diftillation alfo obfeured with 
the fame fubftance. This is probably owing to fornc lifluie 
in the tube which admitted carbonaceous matter from the 
hot coals, as wc fhall mention hcrcafttr. Another pro- 
perty of alkaline air, highly illuftrative of its coinpofititni, is 
the redud^ion of feveral metallic oxyds which it effects 
when they arc heated in contadl with it. Dr. Priclilcy 
confined iomc litharge, oroxyd of lead, in this gas, and by 
heating it with a burning kna (a method of applying heat 
of all others the molt accurate^, he revived the lead in its 
metallic form, and a quantity ot phlogiflicated air remained. 
The red mercurial oxyd, or red precipitate ^ was heated in 
the fame manner, and the mercury was revived, and at the 
fame time a confiderablc quantity of *watcr was produced 
fo as to run down in drops on the Tides of the jar, which 
before appeared pcrfeAly arv. The red precipitate, how- 
ever, gave out during this reduAion a large quantity of u j- 
combined dcphlogifticatcd air, which appeared in the refidu- 
al air after the reduAion was completed. This, in another 
experiment with the fame materials, united with fomc of 
the inflammable air contained in the alkaline |;as and caufed 
a confiderablc cxplofion. The anliphlogiftic theory will 
readily explain the produftion of *wattr during the experi- 
ment from the union of the oxygen of the red precipitate, 
and the hydrogen of the ammoniacal gas; but this fa6t 
more properly belongs to the iubjedts of watbr aud phlo.- 

€I 8 T 0 N. 

Thefc experiments were foon repeated by various chc- 
snifts, and v*ith fimilar rcfults. Landriani found, that in 
palling ammoniacal gas through a tube heated white hot, 
the alkaline properties were entirely loft, inflammable air 
was produced, and likewife a fmall portion of carbonic acid 
fufficient to give a precipitate with lime water. 

Van Marum, in his experiments on the tffefik of clcftri- 
city on the gafes, found the fame rcfults with ammoniacal 
gas that wc have juft mentioned. Two cubic inches and 
icvcn eighths of the alkaline gas were enlarged to four inches, 
and the air was no longer alT.*'bcd by water, andw^as high- 
ly inflammable. 

Whilft the properties and compofition of the volatile al- 
kali were made the fuWeft of fo much ingenious aud fuc- 
ccflFul rcfcarch by Dr. rricftlcy, they received full elucida- 
tion by the labours of one of the moft eminent of the French 
chemifts, M. Bcrtbollct. 

This excellent experimentalift found, that when the oxy- 
genated marine acia is added to liquid ammonia pcrfe&ly 
cauftic, a confiderablc cffcrvcfccncc takes place, and a quan- 
tity of gas is coUe^cd from the two liquid'^, which, when 
examined by the ufiial chemical tcfls, proves to be pure 
azotic gas. At the fame time the oxygenated acid lofcs 
its peemiar pungent fmcH, and becomes converted into 
firople marine acid. The explanation given of thefc phe- 
moment U, that the ammonia ia decompofed by the oxyge- 


nated acid ; the hydiro|;en of the alkali unites with the cx- 
cefs of oxygen contained in the acid, and forms water^^ 
which mingles with the acid ; whilft the azot, the other 
conftituent part of the ammonia, appears uncombined in the 
form of gas. The gas was found by Bertholkt to he 
azotic, both by the common methods of examination, and 
by its forming nitrous acid when united with oxygen by 
means of the dearie fpark, in the method that Mr. Ca. 
vendilh had difeovered. "i'he Tame (kcompofition talus 
place if the oxy-niuriatic acid and the ammonia aic ufed in 
form of gas. Sec o x y • r4 u R i a t i c acid. 

This theory of the dtcompofition of rmmonia was alfo 
beautifully illuftiatcd by the fame ingenious cherniil, in his 
accurate and original cxpcrimnits ou the nature andprtpa. 
ration of fulminating gold. Thcfe will be given moic at. 
length under the article cold; but it may be licre ineru 
titJiicd that the fulminating compound is formed by precipi. 
tjting a folution of gold in atpia regia by the volatile al- 
k.ili. This precipitate confifls of the metal, of oxygen 
which it acquires during folntion in the acid, and of a part 
of the ammonia emjdoyed to feparate it from its menllruum, 
which is retained by the metallic oxyd, and which givts 
it the property (*f txploding in a very gentle heat. M. 
B^^lhollLt ventnied to explode iniall and known quantitits 
of this prtparntion in copper tubes, and found the pro- 
diifla to be water and azotic gas and the oxyd of gold 
cumpktely reduced. The ammonia therefore is here dc- 
compv>fed, its hydrogen produces water with the oxygen 
of the gold, and its aiot ia fet at liberty in the form of 
gas. Some other of the metals which have a weak afhnity 
for oxygen arc reduced to a rcgulinc ftatc by means of the 
volatile alkali, whicli is alfo decompofed in the pioccfs. 
M. Berlbollet alfo reptattd Dr. Piicftley's experirrent of 
the analyfis of ammoniacal gas by elcdlricity, taking every 
poflible precaution in order to cnfitrc an accurate refult ; 
and the calculations deduced from it have been very gene- 
rally acquiefeed in, and confirmed by fubfequent enquirers. 
For this purpofe he paffed a fucceflion of eleflric fparkr. 
through 1.7 cubic inches of ammoiiicical gas till it acquired 
its ulmofl degree of expanfion, when it occupied 3,3 cuoic 
inches, a degree intermediate between the rcfults of Dr* 
PrieiUey and M. Van Marum. A ccitain quantity of this 
enlarged gas was then detonated with a fuperabundanct of 
oxygen gas in Volta’s eudiometer, whereby water was pro- 
duced and the azotic gas of the ammonia remained unal- 
tered. Then (afTuming the quantity of oxygen entering 
into the compofition of water to be to the hydrogen, as 
74 to 145, according to the calculations of M. Motige, 
given in the Memoirs of the French Academy) M. Bcr- 
tholkt eftimatcB the proportions of the conftituent parts of 
ammonia to be 2.9, in of hydrogen, to i.i of azot» 
or, in wei^hti (affuming the hydrogen to be eleven times 
lighter than the azot J i jo grains of ammoniacal gas wdll 
contain 121 grains of azot, and 29 grains of hydrogen.— • 
Journal dc Fhyfique for 1 786. 

The above are the principal fad^s which have been brought 
to prove the decmp^itonoi ammonia. A number of others,, 
equally important and curious, will throw light on the 
mode of its formation from the union of its conftituent 
parts. 

An accidental produ£iion of ammonia in circumftancea 
where it had not been expcfled had frequently been re- 
marked bp various chemifts. Dr. Prieftley, in his numer- 
ous expenments on nitrous air, found by accident that when 
iron fuings had been long kept in a jar* and motftened witk 
n diluted folution of copper an the oiuous acid| 1 tbi^ 
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faliiie red incmftation was formed, mixed with a green 
matter, which, when broken, had a ilrong fmell of volatile 
alkali. Repeating tlie experiment he found that the fame 
effeft would be produced, though more flowly, by fimply 
allowing iron to ruft in nitrous air, when, after fome weeks, 
the fmcll of volatile alkali plainly appeared. The nitrous 
gas likewife underwent a confidei-able change, being dimi- 
nirtied about one-third, and then fupporting combuftion in 
a high degree, vrhich laft property was, however, loft by 
wafhing in water, and a large rcfiduum of phlogifticatcd air 
was leit. 

A production of ammonia, in fomewhat fimilar circum- 
ftanecs, is likewife particularly noticed by Mr. Hauffman of 
Colmar. (Journal de Phyfique for 1787.) He relates, that 
on mixing nitrous gas with phlogifticatcd precipitate of 
iron, a large quantity of the gas is abforbed, leaving only 
a fmall rcfiduc of phlogifticatcd air ; and on adding cauftic 
fixed alkali to the iron precipitate, a fmcll of volatile alkali 
is veiy perceptible, and a ftraw moiftened with nitrous acid 
and held over the mixture alfo indicates tlic prefence of am- 
monia by forming denfe white fumes. Mr. Hauffman dif- 
tinguiflies accurately between the phlogifticatcd and the de- 
phlogifticatcd folutions of iron, the former being formed by 
diffolving the metal in acetous acid, or in the vitriolic with- 
out previous preparation ; and the latter being a folution 
in vitriolic acid of iron which has been previoufly precipi- 
tated from a nitrous folution, and is therefore fully dephlo- 
gifticated, or, as is now faid, in the higheft ftatc of oxy- 
genation. The fame chemift employed the folutions of iron 
m various ftates, and found, that wherever nitrous gas was 
abforbed by the iron, a certain quantity of ammonia is alfo 
produced, which, he alfo obferves, probably remains in 
union with the vitriolic acid till it is difplaced by cauftic 
fixed alkali. The properties of this compound of nitrous 
gas and oxyd of iron will be examined more particularly 
under the article Eudiometrv, as it is intimately conneded 
with this fubjed^. 

Still further light was thrown on the curious phenome- 
non of the produ6lion of ammonia, by fome interefting ex- 
periments of Dr. Auftin. (Philofoph. Tranfadl. for 1788, 
vol. Ixxviii.) The coinpofition of ammonia having been fully 
afeertained by the experiments of Pvieftlcy, Bcrthollet and 
others. Dr. Auftin attempted to produce the alkali by a 
direft union of its conftituent parts. For this purpofe he 
mixed inflammable and phlogifticatcd airs in different pro- 
portions, and added to them fome of the acid airs in order 
to favour their combination, tried the effe^^s of cold, of 
heat, of clcdlricity ; and laftly, he decompofed alkaline air, 
and endeavoured to reunite the identical parts, but in no 
inftance could he fucceed in forming ammonia from the 
conftituent parts of this alkali, wLcn both were employed in a 
gafeous form* 

Hydrogen and azot, however, are certainly the confti- 
tuent parts of ammonia, and their refufal to unite when in 
the form of gas led Dr, Auftin to vary his experiments by 
mixing thefe fubftanccs together in fuch a manner that the 
hydrogen (hould be involved in an atmofphcre of azotic 
gas juft at the time when it was itfelf beginning to affume 
the gafeous form. This has with great propriety been 
termed the mfeent Jlate of a gas, and this experiment was 
fuggefted to Dr. Auftin by another very ftriking produc- 
tion of ammonia from nitrous acid and tin, which wc (hall 
prcfently mention. He therefore inclofed in a glafs tube 
iome azotic or phlogifticatcd air, and along with it fome 
iron filings, moiftened with water, which laft wxre knowm 
to yield inflammable air after Handing together for fome 
hours ; and this air therefore in its ualccnt Hate, or at the 


inftant of its fomiation, was in full conta£l with the azotic 
gas. To detedl the minutcH quantity of ammonia he alfo 
inclofed in the tube fome paper Hained with the blue of 
the rind of the radifh, which is turned to green by alkalies. 
In twenty-four hours he found the colour entirely green. 
Another tcH w^as alfo ufed to indicate the prefence of am- 
monia, which was paper Hained with a folution of nitrated 
copper ; the green of which was, in a few days, converted 
to blue, the proper colour of a folution of copper in am- 
monia. Dr. Auftin found nitrous air to effedi a much 
more fpcedy produdlion of ammonia when ufed inftead of 
the azotic gas. Atmofpheric air will alfo fucceed, but re- 
ouires a longer time than the azotic air, fo that ammonia 
fliould always be formed wdicncver iron in conta£l with 
w'ater nifts in the open air. In this formation of ammonia 
by the dircA combination of its principles, it is neceffary, 
as Dr. Auftin obferves, that the hydrogen fhould be only 
in the nafeent ftate when it comes in contaA with the azot, 
for if it is already in the form of gas it cannot be made to 
unite with the azot in any form fo as to produce ammo- 
nia. 

Wc may here remark, that this mode of cffcAing che- 
mical union between bodies which, when uncombined, arc 
only known in the gafeous form, (fuch as oxygen, hydro- 
gen, and azot) by prefenting one to the other when in 
the nafeent ftate, (hould always be kept in mind in expe- 
riments of rcfearch, as it may be lac means of veiy important 
difeoveries in this difliciilt part of experimental chemiftry, 
Mr. Kirwan, in his valuable experiments on hepatic air, ob- 
ferved the formation of volatile alkali when this air was 
mixed with nitrous gas. At the fame time fulphur is de* 
pofitcd. 

Another very ftriking experiment on the formation of 
ammonia, which is eafily made and feldom fails of fuccefs, 
is the following. Take fome powder, or filings of tin or 
zinc, pour on them fome moderately dilute nitrous acid, 
which will aA on them with great vehemence, and the difeii- 
gagemeni of copious red fumes. After a ftiort time Hir 
into the mixture fome ouicklime or cauftic alkali, and a 
very ftrong pungent fmell of ammonia will be produced. 
In this cafe the ammonia is formed by the dccompofition 
of the nitrous acid and the waiter, this ammonia inftar.tly 
unites with a portion of the acid, forming nitrated ammonia, 
and the lime again deconijiofcs this ammoniacal fait by 
fimple affinity, and by difplacing the alkali from its union 
with the acul, caufes it to affume the gafeous form and to 
become evident to the fenfes. 

Before we quit the fiibjeA of the compofition of ammonia, 
w'c (hall make a few obfervations on the dccompofition of ni- 
trous gas and nitric acid in the experiments above related, 
whereby the volatile alkali is produced. In the fimplcr mc- 
thodsof forming ammonia, fuchas in Dr. Auftiids experiments, 
the union of the nafeent hydrogen w ilh azotic gas, the affi- 
nities which operate in forming the alkali, may be /uppofed 
to be tolerably fimple. But when the nitric acid, or nitrous 
gas arc uftd, the affinities appear to be extremely complex, 
and perhaps hardly made out with much certainty. It (hould 
be noted, however, that, along with the ptoduAion of am- 
monia, there appears conftantly a proportionate quantity of 
that fingular gas difeovered by Dr. Prieftlcy, and callea by 
him dephlogifticated nitrous air ; and of late denominated 
nitrous oxyd by Mr. Davy, to w^hofe highly ingenious Re- 
fcarches’* w^e are indebted for much important addition to this 
curious and difficult part of chemiftry. It is a ftriking property 
of the nitrous oxyd to fupport combuftion in a veiy eminent 
manner, and very flmilar to oxygen gas, although it contains a 
left proportion of oxygen, and more azot than nitrtms 
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which 18 unfit for eombufUon. This refemblance to oxygen 
gas in the nitrous oxyd has mified fome chemiits in the na- 
ture of the air left after the formation of ammonia from ni- 
irons gas and nafeent hydrogen, who have fuppoftd a pro- 
duction of oxygen, and have been obliged to account for it 
accordingly. To explain the changes that take place with 
moiflened iron filings, confined in an atmclphcre of nitrous 

f as, we muft obferve, that the new compounds, which wc 
now arc formed out of thefe materials, are ammonia, 
confiding of azot and hydrogen, and nitrous oxyd, compofed 
of much azot and little oxygen. The iron like wife is ruiled 
or oxygenated. 'Fhc foiirce of the hydrogen in the new 
products may be fup poled to he fome of the water decom- 
pofed, from which the metal, in ruding, baa abdra<^U*d its 
other coiiftitucnt part, the oxygen. Tl»c only fourcc of the 
azot (allowed by the antiphlogidic theory) is the nitrous 
gas, which is compofed merely of this principle, and of oxy- 
gen. But if merely a portion nf the azot of the nitrous gas 
was abdra£fed from it, the remainder, by loiing azot, would 
be a fubdance containing (proportionally) more oxygen than 
nitrous gas ; whereas, the nitrous oxyd, which is this remain- 
der, contains lefs. There mud, therefore, be an additional 
method of getting rid of this excefsof oxygen, inorder to pro- 
duce a falisfadory explanation ; and the only fubdauLC th.it 
offers is the hydrogen of the water decompofed by the me- 
tal, which may be fuppofed to unite with enough of the oxy- 
gen of the nitrous gas to reduce it to the date of nit urns 
r.»xyd. Thus then, according to thi? hypothcfis, the mcUl 
decompofes the water, the hydrogen fet at liberty by thisde- 
compoiition unites with a fmall part of the azot of the ni- 
trous gas to form ammonia, and vvitli a greater part of its oxy- 
gen, to form water, and the refidue of the nitrous gas is m 
that proportion and mixture which conditutes nitrous 
oxyd. 

We fliall not purfuc this fubje^l fartlier at prefent, as it 
will apply to all the cafes of the production of ammonia by 
nitrous acid, and it may, perhaps, be thought too hypotheti- 
cal to be further infined on, though there arc many fimilar 
examples to be met with, of very extenlive and complicated 
affinities being fet in motion by a fmgle diilurbancc of the 
uuiefeent attradions of the condituent parts of any of the 
(ubdanccs contained in the mixture. 

Having now enumerated fome of the leading fads by 
which the compofition of the volatile alkali has been eda- 
blifiied, we ffiall proceed to mention fome of the mixtures of 
ammonia with various chemical agents. It may be obferveJ 
that though the iincombiiicd volatile alkali is in the form of 
gas when pure, all its combinations are either fglid or liquid, 
and hence every fubdance added to the ammoniacal gas caufes 
an abforption of it where any chemical adion takes place. 
However, the tendency to the aeriform date is fo far re- 
tained by ammonia in all its combinations as to render them 
volatile, and to weaken its adhefion for them, whenever the 
temperature is raifed to a certain degree. The force of affinity 
which ammonia excrcifcs is therefore remarkably weakened 
by heat, where the fubdance to which it is united is natu- 
rally fixed in the fire, and many of the ammomacal compounds 
at a high temperature arc totally dccompofcd, and entirely 
new produds refult from the operation. 

No union takes place by any fimple mixture of ammonia 
with oxygen, hydrogen, or azotic gaffts. Under particular 
circumdances, and fay the agency of complicated affinities, 
thefe fubftanccs may however be mutually dccompofcd, and 
new compounds pi^uced. Thus, amrroniacal gas paffed 
over heated oxyd of manganefe fonxis Nitrous Acid, as 
difeovered by the ingenious experiments of Dr. Milner. 
Ammonia unites with all the acids with very great cafe 


and rapidity, forming with them very cafily foliible falts. 
Thefe will be particularly mentioned under the refpedifre 
acids, but fome of their properties may here be mentioned. 
The union of alkaline air with the acid gaffes, as difeovered 
by Dr. Prieltlcy, forms fome of the mod driking and beau- 
tiful experiments which chemidry furnifhes. If ommoniacal 
gas is paffed up into ajar containing carbonic acid there is a 
thick white fume immediately produced, the two gaffes by 
uniting lofe tbeir gafeous form, fo thnt there is a complete 
vacuum fuddenly made in the jar, caufing the mercury over 
which it is confined to life and fill it entirely, a fcnfible 
quantity of heat is given out, and a number of minute 
cryrtals of carbonated ammonia lining the inlide of the jar, 
is the prodmSl of tiie mixture. 

With the muriatic acid gas the ajipearanccs arc exadtiy 
fimilar, only the wdiite fume is dill more dtnfe and copious, 
the heat greater, and the union more rapid. Crydalline 
feathers of mtjriatkd ammonia are the refult, and tins 
furndhes one of the mod driking in dances of alteration iii 
form, and in fenfible properties, wdiich two bodies may un- 
dergo by chemical affinity ; for each of the ingredients when 
feparatc arc in the date of an invifible gas with a highly puh- 
gent fmcll, and, when united, a fcentlefs folid fait i., tlu: 
produdt. In making this beautiful experiment botli ilu: 
gaffes Ihould be conhiird over mercury ; and, on accoiini of 
the miicli fuperior fpccific gravity of the acid gas over the alka- 
line, if the former is thrown into a jer of the latter, the white 
cloud will form (lowly, beginning fromthe point of contact 
of the gaffes ; but it the alkali be added to the acid gas, it 
rifes through it immediately, and the combination takes 
place with great rapidity. 

The nitrous acid unites witli ammonia with great cafe, and 
with the produdion of white fumes wdicn the two fubdancts 
are gafeous. The rcfulting fait Nitrat of ammonia pof- 
feffes very interefting properties, which will be mentioned 
under that article. 

It may be of life to know that tlic prefence of ammonb- 
cal gas, where it cannot conveniently be dctcfled by the 
fmcll, will be readily (liewn by holding a piece of glafs rod 
or any other fubilancc wetted with nitrous or muriatic acid, 
over the pait where ammonia is fufpefted, when thick 
white fumes will be feen to form around the acid. 

Phofphorus will not unite with ammonia at a low tem- 
perature. In a red heat the alkali is decompofed, and phof- 
phorated hydrogen, and azotic gas arc produced. 

With fulphiir, ammonia unites with fome difficulty, forming 
the SuLPHURET of ammonia, or Boyle* s fuming liquor. 

Charcoal and the volatile alkali do not unite in a mode- 
rate heat, but at high temperatures the alkali is decompofed, 
and, by particular management, that fingular fubftaiicc, the 
pR u s s I c acid, may be formed. 

The affinity of ammonia for the different acids is much 
weaker than that of the other alkalies, and feveral of the 
earths. In feveral folutions of earths or metals in acids, 
where the affinity of ammonia for the acid is only in a fmall 
degree greater than of the earth or metal, only a part of the 
fubftance diffolvcd is precipitated by the addition of this 
alkali, and the folution retains the remainder, united with the 
ammonia, forming together an ammoniacal triple fait. Thua 
if to a folution of magnefia ammonia is added, part only of the 
earth is precipitated, and the remaining folution is an ammo- 
niaco magnefian fah. Alfo the affinities of ammonia arc much 
weakened by heat, owing to the great tendency to volatili- 
zation which the alkali poiTcffes. 

Aimmonia has a very ftriking prop^y of reducing to the 
metallic ftate (either entirely or partially) the oxyds of the 
fevecal meuls. This is performed, as we have already men* 
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tionccl in thclnftancc of fulminating gold, by a dccompofition 
of the alkali, its hydrogen uniting with the oxygen of the 
metallic oxyd to form water, and its azot appearing uncom- 
bined in the form of gas. Thus, as M. Fourcroy has ob- 
ferved, C/jymJonu at? 6.) if the black oxyd of manga- 
nefe is moillencd with liquid ammonia, and gentle heat be 
applied, -the oxyd paifes to the Hate of the white oxyd, 
(which is nearer the metallic ilatc) and an effervcfccncf with 
‘difcngagemcttt of azotic gas takes place. The red oxyd of 
mercury, treated in a liinilar manner, givjes the fame refults, 
and the metal is left in the ftatc of a black powder, which fim- 
pie expofiirc to light and air will convert to globules of 
running mercury. This affords a ready way of cleaning the 
furface of mercury that has been tariiifhed and oxydated by 
acid va])ouis. 

Some of the mod difficultly reducible metals, fuch as man- 
gancle or tungdcii, are on this account bell prepared fur rc- 
duftion by being previoiilly united with ammonia. 

The volatile alkali may be made to unite with oils, fo as to 
form ammoniacal So\i>s; but this combination is Irfs per- 
fed than the fixed alkaline foaps, on account of the impoffi- 
bility of applying heat to promote union without driving off 
much of the alkali in the form of gas. Tlic volatile oils arc 
equally foluble in ammonia with the fixed, an example of 
which is that union of oil of amber with ammonia, which 
forms Eau dr luce. 

A great variety of vegetable and animal fub (lances arc 
diffolvcd or decompofed by this alkali, which renders it of 
the highell importance in the Analysis of animal and ve- 
getable matters. 

The ufes of the volatile alkali are numerous and important.. 
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To the chcmitl, as a re-agent of very cxtenfive utility, it is 
an indifpenfable requifite, as there is hardly a finglc analyfis of 
mineral, vegetable, or animal matter performed (where at all 
complicated) in which ammonia is not largely employed. 

In medicine this alkali is highly valuable, on account of its 
ftrong and diffufibly Ilimulant properties. When taken in- 
tcrnally, its firil effeft is generally upon the throat and fauces, 
owing to its partial volatilization by the heat of the mquth. 
Every one is familiar with its ufe in relieving faintings and 
fickntls when fnuffed up the nollrils, though from the great 
acrimony of the caullic ammonia, the milder form of the 
carbonated ammonia, or /ul volatile is generally preferred. 
The llrong and fudden llimuliis which it gives to the fyllem, 
when applied to the noftrils, renders it alio one of the moll 
powerful applications in many of the more ferious Uifpenfions 
of the vital powers. The pure liquid ammon’ i is much too 
acrid to be ufed by itfelf, even as an external application, but 
when mixed with oil it forms a very ufcfiil liniment for 
ftrams, indolent fwcllings, and any cafe in which a powerful 
Ilimulant is required. Simple agitation with oil will unite 
the two liquors into an uniform milky faponaccous liquid, in 
which the fcnfiblc properties of the alkali arc only blunted 
and not neutralized. A peculiar ufe of the liquid ammonia 
largely diluted with water, and taken internally, is in check- 
ing the fudden and dreadful clfetSs produced by the bite of 
venomous ferpents. 

Prieflky on Air.-^Journal de Phyjique for lySj, 6, and 7. 
-^Pbilof TranfaS.for 1788. — Anm. de Chlmic^ tom* ii. vi, 
^Davy^i Rejearchesf &c. &c. 

Ammonia, in Mytholo^f^n appellation of Juno, to whom 
the Eleans facrificed, alluding, perhaps, to Jupiter Ammon. 
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ANCiioK.! An CHORA, from the Latin anciyra, or an* 
chorat of the Greek ctuvfx, which comes from afxvAor, 
incurvuSf crooked^ a large, llrong, and heavy piece of ir^n, 
compofed of a long (hank, having at one end a ring to which 
the cable is fallcned, and at the other two arms or flukes, 
with barbs or edges on each flde, and ufed for fixing and rfs* 
taining a veffel in a harbonr, road, or river. 

The anchor is an inflrument of very ancient ufe. Pliny 
(lib. viii. c. ult ) aferibes the invention of it to the Tufeans ; 
and Paufanias (Attic, lib. i. c. 4. p« 12.) refers it to Midas, 
the Ton of Gordius, who built the city Ancyra* The moft 
ancient anchors were of (lone, and fometimcs of wood, to 
whicli a quantity of lead was attached ; in fome places they 
ufed baikets full of (tones, and facks filled with find* Theic 
were fulpendcd by cords, and their weight regulated the 
courfe of the (hip. Afterwards anchors were conftrufled 
of iron, and funuihed with teeth or flukes, which faftening 
to the bottom of the fea, kept the (hip immoveable ; hence 
oMif, teeth, are ufed for anchors. The firft anchors had 
only a tooth or fluke, on one fide ; and on this account tliey 
were denominated ; the contrivance was completed. 


according to Pliny, (ulfJ fupra^) by Eupalamus, who made 
them fluked both ways, or according to Strabo (Hb. vii. ex 
£phor, tom. p. 464. ) the fecond tooth or fluke was added by 
Anacharfis, the Scythian. The anchors with two teeth 
were called or Every (hip had feveral 

anchors, the largell of which was called facred, and 
w^^as never ufed but in extreme danger; whence the phrafe 
** facnim anchoram folvere,’* ic proverbially applied to fuch 
as are reduced to their laft refuge. 

All anchors have now two arms ; not but they might (I ill 
b'e ufed with only one arm, which ftru£lure would have thia 
advantage, that they would be lighter, and yet in fine wea- 
ther would hold equally firm with the double kind. The 
reafon of having two arms is, that the anchor may always 
take, in order to which it is necclTary that it be very heavy | 
belides, that anchors with a fingle arm would require more 
pr^aration for fcrvice. 

Travellers tell us of people who make ufe of wooden 
anchors in their navigation. The inhabitant! of the ifland 
of Ceylon, in lieu of anchors^ ufe large round &ones, and 

in 
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in other placc8> their anchors are a kind of wooden machinety 
loaded with ftones. Sometimes bags of fand have been 
made life of, but thefe chiefly obtained in rocky places, 
where anchors would not take hold. In England, France, 
and Holland, anchors are made of forged iron ; but in Spain, 
they are fometimes made of copper, and likewife in fevcral 
parts of the South fea. 

The anchors now made are fo contrived as to fink into 
the ground as foon as they reach it, and to hold a great 
ftrain before they can be loofened or diflodged from their 
fiation. The parts of which an anchor is compofed arc the ring, 
into which the cable is fattened, the beam, or fliank, which 
is the longeft part of the anchor, the two arms, at the end of 
which are the two flooks or flukes, by fome called the palms, 
which with their barbs fatten into the ground, and the 
ttock, which is a long piece of wood, fattencd^acrofs the btarr, 
near the ring, and Icrving to guide the flukes in a diredtion 
perpendicular to the furfacc of the ground ; fo that one of 
them finks into it by its own weight, as foon as it falls, and 
is Hill preferved tteadily in that pofition by the ttock, which, 
together with the (hank, lies flat on the bottom. In this 
fituation it mutt ncceffarily futtain a great eftbrt before it can 
be dra'rged through the earth horizontally. This, indeed, 
can onTy be effedlcdby the wind or tide, or by both of them ; 
the effeft of which is fometimes increafed by the turbulcncy 
of the fea, and arts upon the (hip fo as to ttretch the cable 
to its iitmott tenfion, and may thus diflodge the anchor 
from its bed, efpecially if the ground be foft, and oozy, or 
rocky. When the anchor is thus difpluccd, it is faid, in 
the fca-ihrafc, “ to come home.’’ 

The feveral parts of the anchor, above enumerated, 
bear the following proportions. The length of the 
arm, from the inlidc of the throat to the bill, is the 
dittance marked on the (hank for the trend, taken 
from the infide of the throat ; and three times that is 
the length of the (bank from the tip of the crown ; and the 
(liaiik, from the lip of the crown to tlic centre of the ring, 
is the length of the iron (lock ; when made, the two amts, 
from the infide of the throat to the extremtt) of the bill, 
(liould form an arc of a circle, containing 1 20 degrees. See 
P/iZ/e XI. 

Of anchors there are the fliect, bett bower, fmull bovver, 
and fpare anchor. Thefe do not vary in form or weight 
from each other, in the navy. Stream and kedge anchors 
are fmullcr, and grapnels arc only for boats. Ships of 110, 
!00, 9H, and 90 guns, have feven anchors ; from (>o to 20 
guns inclufive, fix anchors ; fitips of 300 tons, and (loops 
have five ; and brigs and cutters three anchors. 

Anchors, method of mahing. The goodnefs of the an- 
chor is a point of great importance ; the fafety and coiifer- 
vation of the vcflfcl depending principally upon it. The 
(hank, arms, and flukes, are nrtt forged feparately ; then 
the hole is made at one end of the (hank for tlic ring, which 
being alfo previoufiy forged, is put into the hole of the 
flvank, and the two ends (hut togetlicr. After which the 
arms are (hut to the fliank, one after the other, and the 
a^nchor is flniflied. 

The (hank is made of many long bars of the bett tough 
iron, well wrought together; and great care (hould be 
taken, that the iix>n be neither too foft nor loo brittle ; the 
latter rendering it liable to break, and the former to flraitcn. 
The number of bars fuflkient to make the (hank of the in- 
tended iize, mutt be regulated by experience. Several parts 
of the aneW are governed by the lizeof the trend, which 
18 marked on the mank at the fame dittance from the infide 
of the throat as the arm mcafurci fron^ the infide of the 


throat to thd extremity of the bill. The (hank is rounded 
to the fquare of the upper part, and is there called the 
fmall round, being the fmallelt part. The two fides in the 
dirertion of the arms are flatted furfaces, about an inch lefs 
than the trend, in large anchors, and fomething lefs in fmaller 
ones. The fuuarcd part is of the fame fize as at the trend 
each way, ana hanches into the fmall round, one-fixth of 
the length of the (hank. The hole, or eye, for the ring, 
is punched through the fquare part, or the flatted fide, 
once and a half the thicknefs of the ring, from the upper 
extremity of the (hank, which has its corners flatted or aia- 
monded, on the fame fides, nearly in the middle. Between 
the hole for the ring and lower part of the fquare arc too 
fmall prominences, raifed acrofs from the folid, caUed nuts, 
for fecuring the (lock in its place. At the lower part 
of the (hank is left a fcarf, or flatted furface, with a (houider^ 
on each iidc, for (hutting on the arms. 

In making every part of an anchor the niceft attention 
(hould be oblcrvcd, as to its being fmooth, fair, and even f , 
and that the edges and angles are preferved llraight in their 
dirertion, as well-made anchors (hould poflefs beauty as well’ 
as llrcngth. The ring, being previoufly forged, is put 
through the fore-mentioned hole in the fliank, and the two 
ends are well (hut together. The arms are made 'of (horter 
bars than the (hank, but as good in quality, and as well 
put together ; they are rounded and flatted on the different 
lidcs, to refemble the (hank, and are of the fame fize as the 
(hank, at the throat and fmall round. The rounding part 
is continued to the palm, which is nearly in the middle of* the 
ann ; from thence it is made with a fquare tapering to the 
bdl on the flatted fide ; and, on the inner rounded fide, is 
made a fquare feat for (hutting on the palm, that the palm, 
when (hut on, (hould projert its thicknefs at the bafe or inner 
part, the outer part making a llraight furface with the 
peek or bill. The back or outer lidc of the arm is made 
llraight from the rounded part, or hanch, to the fnape, and 
there kept to half the fuhllancc of the inner part. The 
fnape rcfcmbles the bill of a duck, and is one-third the 
breadth of the palm in Icngih. The tliickncfs of the ring 
is to be half tlie diameter of the fmall round. The diameter 
of the ring, including the thicknefs, reaches from the hole 
in the upper part of the (hank to the hanch of the fmall 
round. The inner part of the ann is moilly made llraight, 
from the bill to the throat ; and it is thought (Iroiiger for 
having a fmali angle in its length, inclining to the (liank. 
Shanks taper in their length, one and one-hidf inch in fmall 
anchors to three inches in large, keeping ihcir proper fize 
at the trend ; and three-fourths of an inch to two inches in 
the flatted way. The ann in its length inclines to the 
fliank, and forms a fmall angle, tl;e touch or point thereof 
being in the middle. The throat -end of the ann is fcarfed, 
or flatted, to aiifwer the fcarf in the (hank, to which the 
two arms arc united (after the palms arc (hut on) in the 
fij mett manner poffihle; and it is elevated above the horizontaL 
plane, or inclined to the fliank, that each aim may fpread at. 
the peck or bill. The length of the ann, from the infide of 
the throat to the extremity of its bill, is then taken, and 
that Icngtli from the inlidc of the throat is fet upon the 
fliank, and called the trend ; from tlu; trend to die bill is 
formed an angle of about 60 degrees. The palms, or 
flukes, are two thick plates of iron, made of various piece 
well wrought together, in the form of an ifofcclcs triangle ; 
one and one-half inch to one and one-fourth inch longer than, 
the breadth of the bafe, and curve about as much in their 
fides. The bafe or lower part, is to be ttraigbt ; the inner 
flat furface curves a little in the hreadthi but is ttniierht 
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l.'n;T»livvayj ; the palmd, btmg fniifhcd thus ^ar, are«\aflly 
fhiit fir.nly into the inner fide of the arm, in the feat befor 
mentiontd, the bafe inclining inwards. 

Thf Hock is compofed of two long bciHim? of oak, Ilrongly 
bolted and trce-nailcd together, and ftcured with four 
ftroDg iron hoops, two on each fide of the middl^•, and one 
near each end. It is fixed on the upper end of the flunk, tranf. 
verfely with the flukes or palms ; and the nuts are let into 
the middle of the (lock. The length of the flock is the 
length of the (hank and half the diameter of the ring ; the 
depth and thicknefs in the middle are as many inches as the 
ilock is feet in length. The ends are to be kept fquare, 
half the depth or thicknefs in the niiddle. The iipprr lide 
next the ring is always kept flraight,as is the lower iiJe half 
the depth on each fide the middle ; and thence it tapers to 
each end in the above proportion. It is ncccfTary to leave 
an opening in the middle of one and onc-lulf inch, between 
the two pieces, that the hoops may be driven neircr the 
middle, in cafe the flock (hould (hrink. Tlic making of 
anchors is a very laborious bufincfs, and has been much 
facilitated by the invention of two machines, called the 
Hercules and the Monkey. 

Proof is made of anchors, by raifing them to a great 
height, and then letting them fall again on a kind ot iron 
block placed acrofs for the purpote. To trv whether 
the flukes will turn to tlie bottom, and take hold of the 
ground, they place the anchor on an even furface, with the 
end of one of the flukes, and one of the ends of the flock 
refling on the furface ; in calc the anchor turns, and the 
point of the fluke rifes upwards, the anchor is good. 

For the proportions of anchors according to Manwaring, 
the fliank is to be thrice the length of one of the flukes, 
and half the length of the beam. According to Aubin, 
the length of the anchor is to be four-tenths of the greatefl 
breadth of the fhip ; fo that the fliank, e. jr, of an anchor 
in a vefTel thirty feet wide, is to be twelve feet long. When 
the (hank is, for inflance, eight feet long, the two arms are to 
be feven feet long, meafuring them according to their cur- 
vity. As to the degtee of curvity given tlic arms, there is 
no rule for it ; the workmen are here left to their own dif- 
cretion. 


Aubin, in his Marine Didlonary, gives a table from a 
Flemifh writer, wherein the lengths of the IMoks of an- 
chors for veflels of all widths, is computed, as well as the 
weights of the anchors, from a vcflel eight feet wide within, 
which requires an anchor three and one-hidf feet long, 
wciglting thirty-three pounds, to a veflcl forty-five feet wide, 
which demands an anchor eighteen feet long, and weighing 
<8 j 2 pounds. He likewife obferves, that Ae anchor of a 
large heavy veifel is fmaller, in proportion, than that of a 
Icfkr and lighter one. The rcafon he gives is, that though 
the Tea employs an equal force again fl a fmall velTcl as 
againfla great one, fuppofing the extent of wood upon 
which the water a£ls to be equal in both, yet the little 
vcflel, by rcafon of its fuperior lightnefs, docs not make fo 
much Fcliflance as the greater ; the defed whereof mud be 
fu|mlied by the weight of the anchor. 

r rom thefe and other hydroflatic principles, the following 
table has been formed ; wherein is (hewn, by means of the 
(hip’s breadth within, how many feet the beam or (hank ought 
to DC long, giving it yb or f of the (hip’s breadth within | 
by which proportion may be regulated the length of the 
ether parts of the anchor. In this table is reprelented like- 
wife the weight an anchor ought to be for a (hip from eight 
feet broad to 45, incretfing by one foot’s breadth } (up- 
pofing that all anchors are fimw, or that their weights are 
as thecubeaofthc lengths of the (banks. 



f Pounds. 

33 
47 
64 
84 

no 

140 



M. Boiiguer dire£l8 to take the length of the (hank in 
inches, and to divide the cube of it by 1 160 for the weight. 
The reafon is obvious ; bccaufe the quotient of the cube of 
201 inches, which is the length of an anchor weighing 
7ooolb. divided by the weight is 1 160. and therefore by the 
rule of till cc, this will be a common divifor for the cube of 
any length, and a fingle operation will fuiHce. The fame 
author, in his Traite de Navirc, gives the following dimen - 
(ions of the feveral parts of an anchor. The two arms ge- 
nerally form the arch of a circle, whofe centre is three 
eighths of the (hank from the vertex, or point where it is 
fixed, to the (hank ; and each arm is equal to the fame 
length or the radius ; fo that the two arms together make an 
arch of 120 degrees : the flukes are half the length of the 
arms, and their breadths two-fifths of the faid length. With 
rcfpefl to the thicknefs, the circumference at the throat, or 
vertex of the (hank, is generally made about the fifth part 
of its length, and the ^11 end two thirds of the throat, 
the fmall end of the arms of the flakea,’three fourths of the 
circumference of the (hank at the throat. Thefe dimenfiona 
(hould be bigger, when the iron is of a bad quality, cfpc* 
cialiy ifcaft.iron is ufed inflead of forged iron. 
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THE MOST APPROVED DIMENSIONS AND WEIGHT OF ANCHORS. 
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The Niiinbcr of Aachors allowed each Ship in the Royal Navy, with their Weight and Value, 

lUnds fur K, for Kedge. 


No 

110^ 

Guns. 

Vai uf 

No, 

(it NS. 

\ 1 

No 

'cu'Ji V—- 

No. 

Smaller 
74 Guns. 

Value. 

No. 

64 

Guns. 

Value. 

5 

S, 1 
K. I 

Cwt, C^r 
81 0 

21 0 

10 2 

/. .■ 

0 

iZ II 

s. -I’l 

K. I 

V 3 

iH 0 

1; 0 

/. .». ^ 
100^ It;! 

27 O' 
_ 13 J^} 

4 

S. I 
K. I 

Cwt. Q. 

7 r 0 
17 2 

8 2 

/. 1- 
781 0 

26 0 
12 10 

s. t 

K. I 

C«'l. Qr 
67 0 

16 0 

8 0 

/. /. 
f.'jo 0 
24 0 
12 c 

4 

S. 1 
K. I 

Cwt. Qi. 

S7 0 

J <; 0 

7 2 

/. X 

302 2 

22 10 

II 0 

No. 

■ ■■■ 6i 

Gun-;. 

V A T. U E 

No. 

50 

Guns. 

Valve, j 

No. 

44 and V 
Ciu.ws 

Value 

No. 

Guns. 

Value. 

No. 

Guns. 

V’^ALUt. 

4 

S. I 
K. I 

5.5 0 
12 0 

6 0 

iS 0 
9 Q 

4 

S. I 
K. I 

49 0 

1 1 0 

5 ^ 

382 4! 

16 10 
8 c 

4 

S. I 
K. 1 

40 0 

I a 0 

V 0 

272 0 
15 0 

7 10 

4 

S. I 
K. I 

39 0 

9 0 

4 a 

240 16 
13 1C 
6 lo 

4 

S. I 
K. 1 

33 0 

8 I 

4 0 

210 4 

6 0 

No. , 

Guns. 

Value. 

No. 

14 .md 20 
Guns. 

Value. 

No. 

14 Guns 
300 Tons. 

Value. 

No. 

Sloops, 
200 Tons 

V alue. 

No. 

ESESBIi 

Value, 

a 

31 0 

8 0 

4 0 

198 8 

J2 0 
6 0 

4 

S. I 

£. I 

2 9 2 

2 s 0 

7 a 

3 2 

1 1 0 116 
155 00 

11 C 

5 0 

3 

S. j 
K. 1 

0 0 

0 

0 

TO 10 

a 0 

3 

S. I 
K. I 

1 3 0 

6 0 

3 0 

67 10 
9 0 
4 10 

3 

3 

12 0 

Cutter 
10 0 

54 0 

4.? 0 


See Murray’s Treatife on Ship-building, 5 cc. Elements and Pradlicc of Rigging and Seamanlhip^ 4to. 17941 
p. 77—82. 


The diftinftions of anchors are taken from their ufe, and 
ihc proportions they bear in the fliip, wlirrc they arc em- 
ployed ; for that which in one flip would be called but a 
kcJgert or in a lefler ^ould be a Jhai- 

ANCHOR. 

Anchor, ledge^ is the fmalltft, which, by rcafon of its 
lightnefs, is firft to Hop the (hip in kidgln^ a river. 

'I'hia is what the Dutch failors call w^r^-ANCHOR, the 
French ancre a iouen It ought to weigh 45P pounds. 

The grapnel is an anchor for a fmall fhip or boat. See 
Kedg£ and Grapnel, 

Anchor, Jlream, is a fmall anchor faftened to a ftream- 
cablc, wherewith to ride in rivers, and gentle ftitams, and 
to ilop a tide withal in fair weather. 

Anchor Jheat^ or Jheet^ is the biggeft and (Irongcft, being 
that which the fcamcn call their lalt hope ; nev^r to be ufed 
but in great extremity. 

This IS what the Romans call anchora facra \ the Dutch 
plegt-anker^ and Jiop-anker ; the French mattttjjfe-ancre^ or 
grand ancre. 

The other anchors arc called by the name of the fir(^ fe- 
cond, and third anchor ; by any of which the (hip may ride 
in any feafonable weather, fea-gate, or tide.— Fhefc are 
fomething bigger one than another, and ufually when they 
fail in any {freights, or arc near a port, they carry two of 
thefe at their bow ; in wdiich refpedt they are alfo called by 
the name of firft and fecond bowers. 

Anchor, feeond, called by the Dutch horg-anher^ or 
daagrl^ks-anker^ is that ordinarily made ufe of. 

Anchor, crofs^ called by the Dutch tuyanher^ or vertuy^ 
artier^ and by the French ancre d^ajfourche^ is a middling 
anchor thrown acrofs or oppolitc to another. — ^This ought 
to weigh 1500 pounds, or nearly as much as the fecoiid 
anchor. 

Anchor,^oa//«j, is a fimplc machine, which is made to 
dive beneath the fwell of the fca, and retain the vefftl 
where there may be no other anchorage. It con fids of two 
flat bars of ironi each ia length halif the breadth of the 


midfhip beam of the velTtl for which it is ufed, and rivetted 
together in the middle by an iron faucer-hcaded bolt# 
clenched at its point, that they may be fwung parallel to 
each other for eafy flowagc. At each end of the bars is a hole 
for a rope, or fvvifter to pafs through, which muft be hove 
tight to tktend the bars at right angles. To this fwiftcr is 
markd a double or four-fold canvas cloth, fo as to be on that 
fide of the iron bars neared the velTel when ufed. In each 
bar are two holes, at equal didances from the centre, and 
to ihefc holes the ends of two pieces of rope arc fadened ; 
the ropes arc feized together in the middle fo as to form a 
crow-foot, having an eye in the centre, which is well fewed 
with fpun-yarn, and to this is bent, when the anchor is ufed# 
a cable or hawfer, by which it is made to fink and incline in 
the water. See Plate XI. Ships. In the end of one of the bars 
is fitted an iron ring to which a buoy is made fad, by a rope 
about 12 fathoms long, to prevent the anchor from finking 
to the bottom. When it is thrown over-board, the cable 
and a rope made fad to the head of a buoy, are earned away 
fiidiciently to ride the vcfTcl, To get it on board, haul 
upon the buoy-top, which will bring it to the water’s furface 
fo as to be cafily drawn to the veflel. Have the mizen day- 
fail ready to hoid, fo as to keep the veflel to the wind, till 
the anchor is hauled on board. 

A floating o^ flwimming anchor will ferve to prevent a (hip, 
in a dorm, fropi driving to leeward in deep water. Dr. 
Franklin fuggeds that an anchor, effedual for this purpofe, 
ought to have the following properties. It fhould have a 
funacc fo large as being at the end of a haufer in the water, 
and placed perpendicularly, (hould hold fo much of it, as to 
bring the (hip’s head to the wind, in which fituation the 
wind has lead power to drive her. It (hould be able by its 
refidance to prevent the (hip’s receiving way. It fliould be 
capable of being fituated below the heave of the fca, but 
not below the undertow. It (hould not take up too much 
room in the (hip. It (hould be eafily thrown out, and put 
into its proper fituation. And ladly, it (hould be eafy to 
take in agaioi and How away. Many contrivances have been 
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fu ggefted for this purpofc. One for a large fliip might have 
B Item of wood 2 j feet long and four inches fquare, with four 
boards, iS, j6, 14, and 12 feet in length, and one foot 
wide, with a hole in the middle of each, about four inches 
fquare, fo that it might be occafionally flipt upon the Hem at 
right angles with it ; and when tbefe boards are fixed at the 
diflanceof four feet from each other, the anchor would have 
the appearance of the old mathematical inilrument called 
the foreftaff. This thrown into the fea, and held by a hawfer 
veered out to fome length, would bring a vefltl up and pre- 
vent her driving, and when taken in it might be (lowed away 
by feparating the boards from the ftem. Such a fwimming 
anchor w'ould have fome good effeft, but as it lies on the 
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furfacc of the fea, it is liable to be hove forward by every 
wave, and tlicn only give fo jnucii leave for the (hip to drive. 
Dr. Franklin has propofed two machines for this purpofc, 
which he conceives, would be more efftdual and more ma- 
nageable. The (irft of thefe is to be formed, and ufed in 
the water on almoft the fame principles, with thofe of a 
paper kite in the air ; only that as the paper kite rifes in the 
air, this is to defeend in the water ; and its dimcnfions mult 
be different for (hips of different fizes. The other machine 
is to be made more in the form of an umbrella. See a par- 
ticular defenption of both thefe machines, with figures, in 
the Tranfa^tions of the American Philofopbical Society, 
vol. ii. p. 3 11—314. 



Anemometer & Anemoscope 


ANEMOMETER, compounded of avi/xoj, mml, and 
fjLirfoVf mcafure, in Mechanics^ a machine wherewith to mca- 
furc the force and velocity of the wind. The anemometer is 
varioufly contrived. The firll of tlie kind feems to have been 
invented by Wolfius in 1708, and firll puhlilhcd in his 

Aerometry” in 1709, and alfo in the “Afta Erudito- 
rum^' of the fame year ; afterwards in his ‘‘ Mathematical 
Diftionary,*^ and alfo in his Elementa Mathefeos/^ 
vol. ii p. 3^9* Philofophical Tranfaftions we have 

one deferibedi in which the wind being fuppofed to blow di* 
redlly againil a flat fide or board, which moves along the gra- 
duated limb of a quadrant, the number of degrees it ad- 
vances (hews the comparative force of the wind. 

I'his iriHchinc i;i moved bv means of fails, A, B, C, K, 
{Plate IX. Pneumatics^ O9.) like thofe of | wind mill, 
which raife a weight L, that, Hill the higher it goeSf reced- 
ing farther from the centre of motion,, by Aiding along a hol- 
low arm K M, fitted on to the axis of the failsi Ikcomcs 
heavier and heavier, and prtd^s more and more on the arm, 
till being a connierpoifc to the force of tlic wind on the 
fails, it ilops tlie motion lluTCof. An index thenp M N, 
fitted upon the famelaxis at tight anglts with the iiTO, by its 
tiling or falling, points out the ilrcngth of the iviod, on a 
plane divided like a dial-plate into degrees. 

It is chjc^lcd to this machine, howe\cr, that it requires a 
confiderable wind to make it work. LeutmatniUl has con- 
trivtd another, the fails of wliich are lioiizontal, and arc 
more cafily driven about, and will turn what way foever the 
wind blows. 

In the Philnfophkal Tranfaftioris for the \ear 1766, Mr. 
A. Brice deferihti a method which has been facccfsfully 
pradifed by hiirfelf, of meafnriiig the velocity of the wind 
by means of tlial of the Aiadow of clouds palling over the 
furfact of the earth. 

Mr. d’Ons en Dray invented a new anemometer, which of 
itfelf exprefits on paper not only the fevcral winds that have 
blown during the fpace of twentyToui hours, and at what 
hour each began and ended, but alfo the difftrent ftrength 
and velocities of each. Vide Mem. Acad. Scicnc. an. 1734 » 

! ). 169. For other iulli umtiits of thib kind, and their ufe, 
tcWiND-Ctf^^e. 

ANEMOSCOPE, derived from and o‘xr'r- 

lojLUJM, I mftder^ is fomttimes ufed for a machine invented lo 
forctcl the changes ®f the wind. For this purpofe it fhould 
conlift of an index moving about a circular plate, like the 


dial of a clock, on which the 32 points of the compafs arc 
drawn inftead of the hours. The index, pointing to the di\i- 
fiona in the dial, is turned by an horizontal axii, having a 
handle-head at its outward extremity. This handle-head is 
moved by a cog-wheel on a perpendicular axis ; on the top 
of which is fixed a vane, that moves with the courfe of the 
wind, and gives motion to the whole machine. The whole 
contrivance is very fimple, and nothing is required in the 
coTillruflion, but that the number of cogs in the wheel and 
rounds in the trundle-head be equal ; bccaufc it is nectffary, 
that when the vane moves entirely round, the index of the dial 
Ihould alfo make a complete revolution. An anemofeope 
of this kind is placed in one of the tuncts of the Queen's 
palace. An account of an anemofeope contrived by Mr. 
Pickering, may be fetn in the Phil. Tranf. vol. xliii, pi. II, 
p. 9 ; and another deferibed by Mr. Martin, in his Philof. 
Britan., vol. ii. p. 21 1. Sec Ankmometer and Wind 
Gage. 

It has been obferved, that hygrofeopes made of cat's- 
gut, &c. prove very good anemofeopes ; feldom failing, by 
the turning of the index about, to foretcl the Aiifting of 
the wind. 

The Hiiemofcope ufed by the ancients feems, by Vitru- 
vius's defeription of it, to have been intended rather to Ihew 
which way the wind aftually blew, titan to fortul into which 
quarter it would change. 

Otto de Gucric alfo gave the title anemofeope to a ma- 
chinc invented by liim, to forctcl the change of the weather, 
as to fair and rain. It confided of a wooden little man, 
who rofe and fell in a glafs tube, as the atmofphere was 
more or Itfs heavy.— -Accordingly, M. Comiers has Ihcwn, 
that this anemofeope was only au application of the common 

BAROMETER. ScC WiND. 

The anemofeope of Vacroe is famous. It is made of the 
bird lunde^ wbofc feathers are picked, the (kin dripped off, 
vifeera taken out, and the Ikin in this Hate drawn a-new over 
the bones; this being hung up in the chimney, is faid 
idways to direft its bill to the point from whence ^e wind 
IS like to blow. Ephem. Acad. N. C. Dec. 3. An, 9, 
App. 243. 



Antimony 


ANTIMONY, Xnufu, yvia*jcnw, Gri Stiiium 
Jarbafon, Lat. Spi^glas, Spi^lanz, Germ. Sf^fglast Swed. 
^pidfglat, Dan. Plfgolz, Hung, jintmeine, Fr. Amirnoniof 
Ital. Ant'moma, RuiT. Proteust Its ruber, plumbum nigrum, 
balneum regie, Jupus metallorum, Alchem. 

Antimony ia a brittle metal, of a brilliant white colour ; 
fufible at a moderate red heat ; and at a higher temperature, 
with accefs of air, it exhalea a white inodorous vapour. It is 
foluble in nitro-muriatic acid, and precipitable from its fo> 
lution of a white colour by diftilled water, and of a deep 
brickored by fulphuret bf ammonia (volatile liver of ful* 
phur.) 


§ I. Ores of Antimony. 

The antimonial ores have not as yet been analyfed with 
fnfficient accuracy to clear up all doubts as to the nature of 
their contents ; an arrangement of them muft, therefore, as 
yet principally depend on their external charaAers. We 
(hall follow the example of Weidenmann, Emmerling, &c, 
in dividing them into feveral fpecies, though probably the 
whole may be redoced to the native, the fulphurated, and 
the oxydated. 

Sp. I. Native antipiony. Gediegen f^Jfglat, Germ. An- 
timonium nativum, Werner. Antimoine natif, k A. blanche 
$u ar/enieale, Dtliile, Hauy, and Born. 

Has a light tin*white colour, with an occafional (hade of 
yellow. Occurs maifive, dilTeminated, or kidney-ihaped. 
Is internally of a brilliant metaUic luftre. Its fraAure is 
either ilrait or curved foliated. The fragments are ofually 
large or fmall grained { feldom conchojdal. It it foft, ap« 
proaching to half hard, and of confiderable fpecilic gravity. 

It melts with eafe on charcoal before the blowpipe, ex* 
haling a white arfcnical fume, and readily amalgamates with 
mercury. 

By the analyfit of Mengez the younger, it appears to be 
a native alloy of antimony and arfenic, in the proportion of 
about 96 of the former to 4 of the latter. 

Native antimony it a mineral of very rare occurrence { it 
was firft found in 1748, by Schwab, in the filver mines of 
Sahla in Sweden, with a gangue of calcareous fpar } and 
hat fince been dete£tcd by Sage imbedded in quartz in the 
mines of Allemont in Danphine. 

Sp. II. Sulphurated A.— Grey antimonial ore. Graues 

^^laferz, Germ. Mine d* Antimoine grift ou fulfureufe, 
)eliffe. Atdimofne/ulpSure, Itaoy. 

Of this ore there are three varieties, the compadl, foil* 
ated, and flriated. 

Var. I. CompaA. Diebtefgrmee J^eJglaferz, Gem. An* 


timonium mineralizatum grifeum den/um, Werner. 

The colour of this is lead-grey, palling into fteel-grey, 
and taniiflies blue or purple on expofure to the air. It 
occurs maifive or diifcmiiiated. Is of a metallic luftre, 
Ihining or little (hining. Its fraAure is fmall-grained un* 
even. It flies, when broken, into irregular blunt-cornered 
fragments. Is fuft, gives a bright metallic llreak, and it 
of confiderable fpecific gravity. 

It melts with great eafe before the blowpipe, and bums 
with a blue flame, exhaling a copious white fulphurcous va* 
pour. 

It is the fcarceft of the fulphurated antimonial ores, and is 
found principally with quartz- and fpathofe iron ore at 
Brauiifdorf in Saxony, Goldkvonach in Bayreuth, Auvergne 
in France, and Majurka in Hungary. 

Var. 3. Foliated. Sljitrign grauei fpiejglaferz, Germ. 
Antim. mineraliz. grifeum lamel/ofum, Wenicr. 

This differs from the former variety in the following par- 
ticulars. Colour, light fteel-grey. Frafture fine grained 
foliated, fp. gr. 4. 36. Occurs in quartz at Brauiifdorf, and 
at Nagyag in Hungary. 

Var. 3. Striated. StrahSget grnuet fpiejfglaferz. Germ. 
Antim. mineraliz. grif, radiatum, Werner. 

Its colour is light fteel-grey, pailing into a blackilh grey, 
azure blue, golden yellow, and other fplendid iiidefcent 
tints. It occurs diifeminated, or in glandular mamillated 
and llalaAitic maifes or cryftallized. The primitive form of 
its cryftals has not yet been afeertained. Hauy has (hewn 
that they are nioft eafily and neatly divifible in one diredlion 
only, parallel to their axes ; other natural joints are, how- 
ever, difcernible by the varying refleftion of light from 
thefe furfaces when held before a candle. The only cryftal- 
line form that has hitherto been determined, it a compreffed 
hexahedral prifm, terminated by obtufe tetrahedral pyramids 
with trapezoidal furfaces (atUmme fulfure fexoSonal of 
Hauy). See cryftalbgrapbical plates, fg. 206. Incidence 
of « on r 134® I of / on Z' 106® 30' ; of /on r 146®. Bora 
alfo mentions fpeciment from Hungary and Norway of trun- 
cated tetrahedral prifmt. The furface of the cryftals it ge- 
nerally marked longitudinally, with delicate ftriae, and pof- 
felTet much luftre. The internal luftre both of the amcn*- 
phous and cryftallized Idndt is metallic and bright, or little 
mining. Its fraAure it ftriated either broad or narrow, ra- 
diating, diveigiag, or implicated. When broken, it flies 
into irregular pnfmatic, or long granular fragments. Is 
foft and brittle. Specific gravity from 4.13. to 4.3i. Its 
compooeot parti, according to Beigmao, are, 

74 anti* 
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74 antimonyi 
26 fulphur, 

100 

The Hun^rian antimony alfo contains a fmall variable 
proTOition of gold. 

This is the ccmmoncft of all the antimonial ores : it is 
procured at Kremnita and Tclfobanya in Hungary, at Dra- 
viza in the Banat, Braunfdorf in Saxony, the Bbck Forell in 
Swabia, Pereta in Tufcany, Lubillac in Auvtrgnc, and 
Cornwall in England ; alfo in Spain, Mexico, and Siberia. 
The fplcndid iridcfcent fpccimcns come principally from 
Hungary. 

Sulphurated antimony is fometimes confounded with oxyd 
of manganefe ; it may, however, be cafily diilinguilhed by 
the great cafe with which it is fufible even in the flame of a 
common candle : it differs alfo from native antimony in ex> 
haling, when heated, a fulphureoiis, and not an arfenical 
odour 5 in being of a darker colour, and leaving a dark grey 
trace when rubbed on paper. 

It is found, for the inoft part, in primitive mountains, in 
micaceous fchiflus, and clay porphyry, mixed with pyrites 
and oxyds of iron : the gangue is fulphated barytes in Hun** 
gary, but elfcwhcre, for the mod part, quartz ; alfo, though 
rarely, chalcedony fliior and calcai-eous Ipar. 

Sp. III. Plumofc antimony. Federerx^ Jdher federerx^ 
Germ. Mine d*ar^t grift aniimoniale^ Delifle. ^niimoine 
fulphure argeniifere^r{ 2 My, jdntimonium plumofum mineraliza^ 
turn argentiferumf Bom. Antimonium mineralixaL grijeum 
plumofum^ Wcriicr. 

The colour of plumofe antimony is fteel-grcy, palling 
into greyilh black, lead, or fmoak grey : by cxpouire to 
the air, it tarnilhes to an iridcfcent blue or yellow. It 
occurs in (lender minute capillary crydals invefting the fur- 
face of quartz and other minerals with a delicate brittle 
down or wool : the cryllals are fometimes fcarody vifible to 
the naked eye, and fo implicated with each other, as to ap- 

f iear like an amorphous cruft. According to DeUfle, the 
brm of the cryftals is that of a comprelTed Hcaahedral 
prifm, terminated by dihedral fummits with peiltagonal 
faces; the longitudinal ftri«, however, arc generally fo 
ftrongly marked as to obfeure the Tides of the prifm. Its 
luftrc is fcmi-mctallic, morcor Icfs glimmering. Thefrafture 
is confufedly fibrous, and the fragments arc indeteminate. 
It is brittle : fp. grav. 3.57. Bchire the blowpipe it emits 
a fmoke that dcpofits a white and yellow powder on the 
charcoal, and the refiduum then melts into a black flag. No 
accurate analyfis has yet been made of it ; but, according 
to Bergman, it confifts of antimony, iron, arfenic, fulphur, 
and fometimes filver. 

This fubftance is ranked by many mineralogHls among 
the filvcr ores ; but improperly, as the proportion of filvcr is 
cafual and variable, and never exceeds 3! or 4 per cent. 

It is met with in the Saxon mines, cfpecially that of 
Himmelfurft near Freyberg ; alfo at Stollbcrg in the Hartz, 
and Schemnitz in Hungary* 

Sp. IV. Red antunony. Rr^thes Germ. 

Stntfre dore natifftrief ct Kermef wmerol nattf Delifle. An- 
imoim hydrMfurif Hauy* Antmomum auripigmento mine- 
ra&naiump Cronftedt. Antimunium wdneralhMum ruhrum^ 
Werner. 

The colour of red antimony is a deep crimfon approach- 
ing to blood red, fometimes, though fddom, clouded with 
irideCcent blue. It occurs generally in minute ftiort hair, or 
needle-form cryftals, radiating or implicated ; foinettmet alfo 
it is found snaffiveor diflenunated* Its luftre is vitreous, 


little Alining. Its fracture is line, and irregularly diveiging 
fibrous. It is opaque, brittle but fomewhat claftic : fp. 
grav. 4. to 4.7. 

Before the blowpipe it melts eafily and evaporates, ex- 
haling a flight fulpnureous odour. 

The only mineral with which it is liable to be confounded 
is the red iilky oxyd of copper : this laft, however, is of a 
brighter colour, and diflblves with effervefcence in nitrous 
acid, giving it a green tinge ; the red antimony, on the 
contraiy, is not diftolved, but becomes covered with a 
wliitifli cruft. No accurate analyfis has yet been made of 
this ore ; from its colour it ivas formerly fuppofed to con- 
tain arfenic and fulphurated antimony : according to Sage, 
however, it is a native mineral kermes. Thus much is cer- 
tain, that it is met with in the crevices, and invefting the 
furface of the common fulphurated antimony, and appears 
to be this in an advanced (late of natural decompoiition : 
the amorphous or maflive variety is frequently ftudded with 
ffnall cryftals of native fulphur, in the form of rhomboidal 
odahedrons. 

It is met with at Braunfdorf in Saxony, Malazka and 
Cremnitz in Hungary,^ and Allemont in Dauphin^. 

Sp. V. White antimony. Muriated antimony^ Kirwan, 
Weifs Spiejf^l'iferx^ fpiejfglannfpath^ Germ. Muriate d*qnli» 
mointf Born. Antimoine oxyeitf liaiiy. Antimonium minera* 
lixatum alhum^ Werner. 

The colour of white antimony pafles from fnow-whitc 
through greyifh and ycllowifh white into afti grey. It it 
fcldom found maflive, often radiating like zeolite, but g^e- 
rally cryftallized in fmall and long quadrilateral prifms or 
redangular tables, which are accumulated together in bun- 
dles or cells. The furface of the cryftals is plain, or lon- 
gitudinally ftriated, and bright fluning or fpecular. Inter- 
nally this mineral is much fliining, or mining with a vitreous 
luftre pafling into pearly. Fradure ftrait roliated. It flics 
when broken into irregular, not particularly (harp cornered 
fragments. Is tranflucid, foft, brittle, and heavy. 

In whole cryftals it decrepitates before the blowpipe; but 
when powdered, it melts quietly and without difficulty, giving 
out a white fmoak, and by degrees totally evaporates. Be- 
tween two coals it is reducible to the metallic (late.. 

From the analyfis of Klaproth, it feems to confift of anti- 
mony and muriatic acid; but the acicular variety from 
Dauphin^ afforded Vauquelin, 

86 oxyd of antimony, 

3 oxyd of iron and oxyd of antimony, 

8 filex, 

3 lofs. 

100 

This beautiful, but uncommosly rare foflil, was flrft difeo- 
vered in 1782, by Mongcz the younger, at Allemont in 
Dauphin^, mixed with native antimony; afterwards, in 1787, 
by Rofsler at Przibram on the fur&ce of galena : it occurs 
alfo at Malazka in Hungary, with the rea and fulphurated 
antimony. 

Sp. VL Yellow antimony. Suppo/ed phofphorated anti* 
mony^ Kirwan. Phofphate d^ Aniimuine^ Fr. Oelh Spiejf* 
glajnxf Germ. Antimonium mineraRzatum fiavumf Werner. 

The colour of this is orange or wax yellow, or yellowi(h 
white, paffing into black when tamimed. It occurs in 
long ftriated needleform cryftals, or quadrilateral tables. It 
IS (hining, and when blacit has a metallic luftre. Is (oft, 
kxiblcb and heavy. 

Before the blowpipe it neither flames nor fmoke s, but 
melts eafily into a brittle flag, containing a fmall tin-white 
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bead of metal. It has not been analyfed. This mineral 
was firft difcovcrtd by Count Rdfuma*.v(ky, in a vein of ful- 
hurated aniim »ny at Fanci;rny in Savoy, and has fince 
een found at Malazka in Hungary. 

Sp. VII. Antimonial ochre. Spiejfglafohher^ Germ. An- 
timonium ochraceum^ Werner. 

Its colour is iiraw or lemon yellow, and ycllawifh grey. 
Occurs m ilfive, dilTcmiiiated' or iiivelling. Is dull ; of a 
fine earthy fradlure ; fofi, biittlc, and heavy. 

Before the bK)vvpipe it becomes white, volatilizes, but 
dots not melt. It efTervcfces ftrongly with borax, and is 
partially reduced. It has not yet been analyfed, but is fup- 
pofed by Karftcn to be an oxyd of antimony. 

It is found at lhaunfdorf near Frey berg, and in Hun- 
gary, mixed with fulphurated and red antimony, 

Emmerling, vol. ii. Wiedcnman, Haiidbuch, &c. Eenz, 
Verfiich, &c. vol. ii. H.iuy, Trait e de Mmcralogie, vol. iv. 
Dehde, Cryilallograplut, vol. in. Kirwan’s Mineralogy, 
vol. ii. 

§ 2. AJfcty and Analyfis of Aniimonial Ores. 

All the antimonial ores arc eafily reducible before the 
blowpipe on charcoal ; and by a continuation of the heat, 
they exhale a denfe fmoak of a white or yellowifh colour, 
wkh little or no arfenical odour, and depoiit yellowilh 
flowers, or white needleform crytlals, on the furface of the 
charcoal : thefe appearances are, however, liable to conll- 
derable modification on account of the variable proportion 
or lead, arfenic, fulphur, 5 cc. that are ufually mixed with 
the antimony. A more certain, therefore, though not fo 
expeditious a metitod of afeertainiug the prefence of this 
xnetal, is to reduce 200 grains of the ore to fine powder, 
and digeii it in a moderately diluted nitro-muriatic acid, in 
which the nitrous is not more than one- third of the mu- 
riatic part. The clear liquor, after flow digeftion for an 
hour, IS to be decanted and reduced by evaporation t« 
about half its bulk, and then poured into a large quantity 
of didilled water : a copious white precipitate immediately 
takes place of antimonial oxyd, which when edulcorated 
and mixed with an equal weight of crude tartar, is to be 
put into a fmall lined crucible fitted with a cover, and by a 
moderate red heat the oxyd will be reduced into a metallic 
bu’^^rn. 

The analyfis of antimonial ores prefents no particular dif- 
ficulties, except fuch as are common to all minerals in which 
arfenic enters. The following arc the fubllances which have 
been found mixed with antimony, vi%. iron, filver, lead, 
copper, arfenic, and fulphur; to which mud be added, 
filex and alumine, as compofing the dony gangue, which 
cannot always be entirely feparated previous to analyGs. 

(n) Let 500 grains of the ore be reduced in an agate 
mortar to an impalpable powder, and afterwards mixed in a 
fiafk with 1 500 grs. of pure nitrous acid of fp. gr. i . 25, and 
xooo grs. of didilled water ; diged the mixture at a tempe- 
rature confidcrably lefs than boiling, for an hour, then pour 
off the clear liquor, and add nitrous acid equal to half the 
quantity fird ufed ; diged this for a few minutes, and add 
by degrees, during the remainder of the digedion, half as 
much didilled water as acid ; then pour off the clear liquor, 
and walh the reiidue with didilled water. 

Add together tlie two nitrous foluttons and the 
waihingi, and drop in a faturated folutioa of muriated fuda 
as long as any precipitate takes place, and allow it to ftand 
for a Kw hours ; pour off the liquor, and boil the precipi- 
tate in a little didilled water; filter and edulcorate. Add 
the wafbings to the liquor. 


(c) The precipitate ( 5 ), confiding of muriated filver, 
and probably a little arfenic, being dried in a licat jnd inferior 
to its fufion, is to be weighed, and reduced in a fmall crucible 
by twice its weight of pearlafh : 75 parts of filvcr denote 
100 of muriated filver, and if the produce of metal is Icfs 
than that obtained by calculation, the deficiency may be fet 
down as arfenic, 

(d) The nitrous folution (^), containing a great excefs 
of acid, is to be reduced to only a (light excels by the ad- 
dition of potafh or foda ; and is then to be treated with 
nitrated barytes for fulphuric acid : the fulphat of ba- 
rytes thus produced, contains the fulphur of the ore oxy- 
genated by the nitrous acid. This being feparated, add a 
faturated folution of fulphated foda, as long as any precipi- 
tation takes place. This is fulphated lead. 

(e) The refiduc of folution (</), being evaporated to 
drynefs, is to be mixed with foap, and heated in a fub- 
liming fiaik, the arfenic will thus be obtained in a metallic 
(tate. 

(/) the infolublc refiduc (a) digeft two or three 

ounces of nitro muriatic acid, com pofed of nitrous acid i, 
muriatic acid water 3. By this the antimony, iron, and 
copper will be diffolved, together with a little alumine and 
filex. Separate this from the undifTolved rcfidue, and pour 
the liquor into three or four times its quantity of diftillcd 
water, and the oxyd of antimony will be precipitated. Se- 
parate this by filtration, wa(b, and add the wafiiings to the 
other liquor : 130 parts of oxyd of antimony well dried 
denote ico of metal. 

(^) Evaporate the fluid /fj to a fmall bulk, and fuperfa- 
turate it with caufiic ammoniac, the iron and earths will be 
precipitated, and the copper will be held in folution, giving 
it a blue colour. Separate the precipitate by a filter ; and 
add fulphuric acid to the ammoniacal liquor till it becomes 
acidulous, then precipitate the copper by a bar of clean 
iron. 

(A) The precipitate (j) being digefted with a little cauflic 
potam, the filex and alumine will dilTolve, leaving the oxyd 
of iron behind. 

(i) The undifTolved refiduc of (H being dried and 
weighed, is to be ignited to drive off the fulphur, the 
quantity of which is denoted by the lofs of weight after 
ignition. What remains is earth and a few atoms of me- 
taiic oxyd, which being fufed with black flux, will reduce 
the oxyd, and render the earths folublc in water. 

(/f) The fulphated lead (dy is to be reduced by fufion with 
tartar, and the oxyd of antimony alfo by the fame method ; 
being then w^cighed feparatcly, as much pure lead is to be 
added as will make the lead twice the weight of the anti- 
mony. The metals being melted together are to be divided 
into two equal parts, and fubje^led to cupellation ; if any 
filver remains, its amount is to be added to that of (r), 
Btrgman*s EfT. Klaproth’s Analytical EiTayg. Kirwan’a 
Mineralog. vcl. ii. 

§ 3. Redudion of Antimonial Ores. 

The grey or fulphurated antimony is the only one of this 
metal that is found in fufficient abundance for the purpofes 
of manufadure, and the treatment that it undergoes is ex- 
tremely fimple. The larger pieces of the earthy or llony 
matter of the gangoc being firff picked out, the remainder 1% 
coarfdy 'bruifed, and fubjeded to a low red heat in clof^ 
Ycffeli % the fulphurated meui then melts on account of its 
very eafjr fiifibility, leaving the hupurities behind. This 
procefs It vfually performed in a crucible, whofe bottoin» 
perforated with a number of fmill liolci, if infnted into an- 
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cniciLlc. (Sec Chcmlfl.i^% Plate iv.) A. B. Jig. or 
connccled with tijc lower crucible by means of a pipc,^!^. i6. 
In each apparatus the ore is put into the upper crucible, 
which ferves the purpofc of a filter, by detaining the ilony 
impurities, wdiile the melted metal flows into the lower re- 
ceptacle. F\g. 17, 18, 18, 19, 20, 21, 22, arc plans and 
fedions of the furnaces generally made ufe of. This me- 
thod, however, of extrading the ore is far from being the 
mod economical pofilble, on account of the length of time 
nccelTary to charge a multitude of crucibles, the expcncc of 
replacing thofe that arc broken, and the extra quantity of 
fuel required when the ore is not in immediate coiuad with 
the flame. On this account fome of the foundcrlcs in Hun- 
gary and France have altogetlicr clifcarded the crucibltB, and 
melt the antimony in mafs by a reverberatory furnace, taking 
care tu keep the fin face of the metal covered with charcoal 
to prevent oxydation. F\g. 23 and 24 arc a plan and fcc- 
tion of fuch a furnace. The rough ore being placed in the 
bed A, and covered with charcoal, is gradually brought to a 
date of fufion ; and the plug at B being then withdrawn, 
the melted metal flows into tlie receptacle C. F'tg. 25, 26, 
reprefent another kind of furnace for the fame purpofc made 
ule of at Ramcc in La Vendee. The fulpliurated antimony 
thus obtained is rcmclted, and call into loaves or cakes, 
forming the common or crude antimony of the lliops. 

^ 4. Regitliis of Antimony. 

The fulpluirated ore of the preceding fe£lion having 
been long known by the' name antimony, the term re- 
guliis of antimony was employed to dcfignate the pure 
nictul : in the reformed nomeiKlatiire, on the other hand, 
the former of thefe fubflances is called fulphurct of anti- 
mony, and the latter fimply antimony. This ambiguity it 
ivi oLconfequence to be aware of, and wc (hall endeavour to^ 
avoid it as much as poflible by ufing the term regulus of 
antimony wherever by fo doing the fenfe may be made 
clearer. 

The fubilrncc from which the regulus is prepared, whe- 
ther in the laiy^c way for the purpofes of commerce, pr in the 
labomlory, is uaivcrfally the native fulphurct. This confills 
of antimony and fidphur in the proportion, according to 
Bergman, of 74 of the former to 26 of the latter. Nu- 
rierous methods have been propofed by different chemifts for 
the feparation of the metal, all of which may be conveniently 
ariangcd under the three following general head^ I. Re- 
duction by roailing'. IT. Rcduftioii by fcorification. 111 . 
Reduction by dry palling or precipllation. 

I. Reduvlion by roaflin.2(. 

The nal.I*e fulphurct of anlimony being previoufly fepa- 
rated by fulion from all earthy impurities, as deferibed in 
ji 3, ii to be pulvcri‘/a*d and fpread thinly on the floor of a 
re verbei-H. 01 y furnace ormufHc, to be freed from its fulphur 
by roafling. At the commencement of the procefs the fire 
inuft be managed with particular care, and the temperature 
ought fearecly to be greater than whst is ncceflTary for the 
htlion of tin, othcrwiie the antimony will clog, and even 
iticlt, fo as to require being removed from the fire, and 
:igain pulverized ; as foon as the fumes of fulphur become 
vitiblc to the cy^e, in the form of a light lannbent blue flame, 
:t is a fM'Oof that the heat is fufEcient; and the ore fhould 
\«o\v be continually ftirred with a tobacco-pipc, or any other 
earthen rod. In a (liort lime the antimony will bcgi.i to 
oxydate, and afTumc a greyifh earthy appearance ; the fire 
may theu be raifed a HttL, to hatten the evaporation of the 
fuJphur \ and thus the operator may go ou gradually in- 
-2rcafing the Jtcat as the ore will bear it \ and comiuually 


ftirring It, fo as to cxpofc frclli furfaces to the air. ’Wiicii 
the ore is moderately red-hot, ind ccafcs to give out a ful- 
phiireoufl vapour (which will not be till after fome hours]), 
the roailing is finillicd. By thia means an afh-grey oxyd is 
obtained; Hill, however, not entirely free from fulphur, 
weighing from 30 to 36 per cent, lefa than the ,>• .ginai ful- 
phuret. 

In order to obtain the regulus from this grey oxyd, the 
common w'ay is to mix it with half its w'cight of crude tar- 
tar, and expofe it in a covered crucible to a full red-heat : 
the tartar will thus be decompofed, its carbonaceous part 
fci*ving to (fcoxygenate the antimonial oxyd ; and its alka- 
line bafe combining with the fulphur flill contained in the 
ore, forms fulphuret of putafli, by winch a portion of an- 
timony is held in folulion, while the rdl of the regulus, by 
its fiiptrior fpcxific gravity, unites into a mafs at the bottom 
of the crucible. The quantity of rtgulus obtained by this 
means in the large way, is from 66 to 70 per cent, on the 
oxyd ; but the produce dcpcMds cffenti.dly on the accuracy 
w’ith which tlic roafting has been performed : if much ful- 
phur flill remains in the oxyd, a large proportion of the 
metal will be diifolved in the fulphurated alkaline fcoria. 
Kunkel’s method appears to be more economical, and 
better in every refpcc^l : he mixes the roafted oxyd with oil 
or fat and a little powdered charcoal, puts the mixture into 
a crucible to melt, and as foon as the regulus begins to 
fliew itfelf, injetTs by degrees fome powdered nitre, in the 
proportion of an ounce to a pound of antimony : the matter 
in thin fufion being poured out, a pure regulus is obtained 
in much greater quantity than hy the common W'ay. Moil 
of the fulphurated ores, as thofe of lead and copper, are 
reduced to the metallic (late after roaUing by a fimple car- 
bonaceous addition, by which means the produdl of metal 
is greater than if an alkrdinc flux was made ufe of, and the 
whole cxpencc of the flux is faved. Induced, therefore, by 
thefe motives and analogies, a feries (*f experiments was 
undertaken by HalTcnfratz, Vauqntlin, and Bullion la 
Grange, to obtain tlie regulus of antimony by cheaper 
means than the ufe of tartar or nitre. For this purpofc dif- 
ferent parcels of the roafted grey oxyd were mixed w'itli 
charcoal powder, wdtli tallow and with pitch, and expofed in 
covered crucibles to a reducing heat ; being then with- 
drawn, and the contents of each examined, nothing was 
found in tlie crucibles but a little carbonaceous matter, and 
a few minute globnlcs of antimony, the rtfl being evapo- 
porated Some grey oxyd was then mixed with, i. equal 
parts of lime, aluminr, and filcx ; 2. equal pails of fulphnt 
of barytes, chalk and clay ; 3. with common fait ; 4. with 
fulphat or foda ; and the materials being ftrongly heated, 
they were nil found convctlcd into ytllow ghifl'cs, but not a 
particle of regulus could be perceived. The above four 
mixtures, with fome charcoal rubbed up into them, w ere next 
treated iu before: vitreous fcoiia: w’cre obtained, but no 
greater quantity of regulus than when cliarcoal alone w'as 
made ufe of. LaAIy, fome of the faii.c grey oxyd being 
fiuxeel witli half its weight of tartar, yielded a perfe<Sl but- 
ti/ix of pure antimony. Hence it appears, that potafti, and 
proljubly alkalies in gcncial, exert Ionic fpecifie a^ion on 
antimonial oxyd, whidi induces it to become much more 
fixe^d wliile couvoting into regulus, than when mere carbo- 
naceous matter is employed. 

II. Reduction bv fcorification. 

This, although the mod expenfive and inaccurate method 
ofprocariug tlie regulus of antimony, is generally preferred 
in the laboratory to twery other on account of iu expedition. 
For this purpofc the autimonial fulphuret is reduced to a fine 
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powder, and mixed with nitre and tartar ; a crucible being 
then made red hot, fucccflivc fpoonfuU of the mixture arc 
gradually projedted into it till the vcflcl it nearly filled ; 
being then covered, and a full red heat applied for half an 
hour, the contents are either poured out into a greafed iron 
cone, or fuffered to cool in the crucible ; a pure regulua is 
thus obtained, covered with a mafs of faline fcoriar. In this 
procefs the acid of the nitre is decompofed, and is employed 
in acidifying the fulphur and partly oxydating the antimony, 
while the carbonaceous matter of the tartar fcrvci to de- 
cay date the metal, and in fome degree alfo to decompofe 
the Culphuric acid ; hence the fcorie confift of the potam of 
the nitre and tartar, partly united with fulphuric acidf 
forming fulphat of potafh, and partly with fulphur, forming 
fulphuret of potafh, which kft alfo holds in iolution a con- 
iiderable proportion of the antimony. 

If the quantities of nitre and tartar are large compared 
with that of the crude antimony, nearly the whole of the 
metal will be taken up by the fcoriae. According to 
Lemery, fixtecn ounces of fulphuratcd antimony, mixed 
with the fame weight of nitre and alfo of tartar, yielded no 
more than five ounces and a half of regulus. Whereas 
fixteen ounces of crude antimony, twelve ounces of tartar, 
and fix ounces of nitre, afforded fix ounces and one dram of 
regulus. The iifual proportions arc four parts of crude an- 
timony, with three parts of tartar, and one and a half of 
nitre. Some advife to detonate the nitre and tartar together, 
before the antimony is added, but this is decidedly a bad 
way, as the ufe of the nitre is not to alkalize the tartar, but 
to oxygenate the fulphur. A greater proportion of regulus 
than ufual would probably be obtained by mixing the anti- 
mony and nitre alone, and not adding the tartar till after 
the actonation had taken pkee.^ 

III. Redu^ion by precipitation. 

This is effefiled by fufing the antimonial fulphuret with 
any other metal whole affinity for fulphur is greater than 
that of antimony, in which cafe the fulphur combines with 
the added metal, while the regulus of antimony colle^ls in a 
button at the bottom of the crucible. The metals capable 
6f thus decompofing the fulphuratcd antimony are iron, 
copper, lead, filver, and tin, whence originated five varieties 
of antimonial regulus, known among tne alchemifts by the 
names of martial, venereal, faturnine, lunar, and jovial. As 
equal parts of thefe metals require different quantities of 
fulphur for their faturation, a greater or lefs proportion of 
them is neceflary for a given weight of crude antimony : 
thus two parts of this laft fubllance are decompofed by one 

t art of iroHi by two parts of copper, or by four parts of 
jad. 

In order to prepare the martial regulus (for all the others 
are now became obfolete), a number of formulae are given by 
I<»emery, Beaume, and other pra^ical writers, the relative 
merits of which can only be duly appreciated by a com- 
parifon of the quantity and purity ot the regulus with the 
expence of time, of fuel, and of nitre, required in its pre- 
paration, The following are thofe which ieem beft worth 
notice : 

I. Take eight ounces of borfcfhoe nails, and beat them 
netrly to whitnefs in a crucible, then add, by degrees, fixteen 
ounces of coarfely pulverized antimonial fulphuret i cover 
the crucible and keep up the fire ; in a few minutes the 
mixture will be in perteA fution, at which time, add little 
‘ " tie, three ounces of nitre, a flight detonation will take 

E , and the whok will be brought to a ftate of perfe& 
( then pour it into an iron cone, heated and greafed, 
and ftrike the iides of it gently as tite mafs becomes (olid 
to favour the precipitation of the regulus. When cold it 


uHm be found to confift of a button of antimony, weighing 
about ten ounces, covered with an alkaline ferruginous fcorisB, 
from vrhich it is readily feparated by a blow with a hammer. 
This regulus, however, is tar from pure, containing both iron 
and a little fulphur ; it is therefore to be remelted, and mixed 
while in fufion with two ounces of crude antimony and three 
ounces of nitre ; after all detonation has ceafed, pour it into 
an iron cone as before', and feparate the/egulus from the 
fcorisB. Remelt the regulus ana projc£i l^pon it by degrees 
three ounces of nitre. Separate this regidus from the fconar, 
and melt it again once more with three ounces of nitre ; heat 
it firongly and rapidly, and pour the whole into a cone | 
there wul be obtained about eight ounces of a beautiful 
ftellated regulus, covered with yeliowifli white fcoris. In 
this procefs the whole of the materials employed are eighteen 
ounces of crude antimony, eight ounces of nails, and twelve 
ounces of nitre ; four feparate fufions are required, and the 
produft is eight ounces of regulus. 

z. Pulverize and mix together i 6 ounces of crude anti- 
mony, 12 ounces of tartar, lo ounces of nitre, and eight 
ounces of iron filings ; proje6^ it by degrees into a red hot 
crucible, a ftrong detonation will take place, and the mafs 
will enter into fufion ; keep it at a full heat for a few mi- 
nutes, and then pour the whole into an iron cone ; when 
cold, there will be found beneath the fcorise a pure ftellated 
martial rcgnlus, weighing about fix ounces. 

3. Heat in a crucible till they are white hot^ five ounces 
of horfcHioe nails, and then aad 16 ounces of crude anti- 
mony, coarfely pounded ; the two will prefently melt down 
together, and as foon as the mafs is in very liquid fufion, 
proje<^^ at feveral times one ounce of pulverized nitre ; 
during each prqjediion there will be a detonation, and when 
the laft has ctakd, increafe the heat for a few minutes, and 
then take out the crucible and allow it to cool gradually ; 
there will be found at the bottom of the veffel a perfe^ly 
pure martial regulus. 

In the redudion of antimonial fulphuret by iron, the 
fuccefs of the experiment depends much upon the tempe- 
rature; a high beat bri/kly applied, and of (hort continuance, 
fo as to bring the whole into very liquid fufion, is far pre- 
ferable to an inferior heat of longer continuance : fince the 
regulus feparates more completely from the fcoriss, and the 
proportion of metal, loft by evaporation, is not nearly fo 
confiderable. 

The antimony obtained by roafting or fcorification, by 
proper care, may be rendered abfolutely pure ; but the 
martial regulus, though purified fo as to exhibit the ftel- 
lated appearance on its furface, which is ufually reckoned 
charaderiftic of purity,' is, in fad, an alloy ot antiifiony 
and iron ; hence it is harder and more difficultly amalgamible 
than the former ; and when reduced to fine powder, is, ac- 
cording to Lemery, attraded by the magnet. 

§ 5. External Cbara&ers and Pbjifical Properties of Re^Rnt 

jintimony. 

This metal, when pcrfcdly pure, is of a duiky white 
colour, between that of tin and iron ; it appears to be tb- 
folutely deftitute of dudility, and may eafily be reduced in 
a mortar to a fine powder t it is moderately hard, and may 
be cut without much difficulty by a common knife* lu 
fufibility is not quite fo great as that of zinc, fince it 
requires to be made red hot before it flows. Its fpecifie 
gravity, according to Bergman, is 6.86 ; but by the later ex- 
perimenu of Briflbn, amounts to 6.7021. Itsfradureii 
ufually broad foliated, but fometimes the ftmetsaitfo miiute 
aa to give it aUnoft a granular appearance 1 in gener^ the 
flower tt is cooled, the broader will be the plates of which it 
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18 compoledy but ihU rule fs not witbout iti exceptiont. 
Antimony is one of the moft eafily cryftaUizable of all 
metalsy and this tendency is (hewn in a linking manner by 
the appearance of a radiated ftar, or of pinnated leaves, like 
thofe of fern, with which the convex furface of a mafs of 
antimony that has been allowed to cool (lowly is generally 
covered. It was this circumllance that induced the alche- 
mills to pay fo much attention to antimony ; by their heated 
imaginations every things fingular was confidercd as a type 
or myilerious hint, and t^s confounding facred with profane, 
they denominated this appearance, which in truth is only 
the refult of a confuted ciyftallization, the eallern (lar that 
was to condudl the fages Uhemfelvel) to the cradle of their 
king, i. e. to the ixtethod ot making gold, the king of metals. 
Thcfe rays or branches arc merely fuperficial as Lcmcfy 
demonftrated, by making tranfverfe feftions of various maflbs 
of (lellated reguliis. If a crucible, furnilhed with a plug at 
the bottom, is filled with melted antimony, and the fluid 
part allowed to run out by withdrawing the plug as foon as 
a cruft is formed on the furface of the metal, there will be 
found under the cruft various cryftalline groups, confiding 
of cubes, of Inegthened rectangular parallelepipeds, or ra- 
mifications, made up of fmall oaohedrons implanted in each 
other, and frequently aggregated into a trihedral pyramid, 
with furrowed udes. The primitive cryftalline form of an- 
timony has hitherto eluded the fagacity of Hauy : it is divi- 
fible at the fame time parallel to the faces of a regular oClohc- 
dron, and of a rhomboidal dodecahedron. 

§ 6 . Oxyds of jintimony. 

The aClion of air and moifture at the ufual temperature 
upon reguUne antimony is fcarccly perceptible, as it remains a 
long time without even tamifliing, and the oxydation is 
never more than merely fuperficial. By a low red heat, 
however, and the contaCl of air, this metal is gradually con* 
verted into a grcyifti white oxyd, volatile at a higher heat, 
and capable of being more completely oxygenatfa. When 
antimony is brought quickly to a bright red heat, and then 
expofed to the air, is is rapidly converted into a white oxyd, 
which beii^ volatile, exhales in the form of a dcofe fmoak 
from the (urface of the melted metal, and condenfes in the 
upper and cooler part of the crucible into beautiful eryllalline 
needles of a fnowy or filvery white ; w^hich have obtained 
the name of argentine flowers of antimony, or ftipW of re- 
gultne antimony. As this cryftallized oxyd is not eafily 
obtained in a common crucible, we lhall mention the method 
of preparing it as given by BeaumC. Place a wide cylin- 
drical earthenware tube clofed at one end in a wind furnace, 
fo that it (hall remain in a (lantingdireClion, with the open 
end protruding a little way through a hole or door in the 
fi^ of the furnace; and to prevent the infide of the tube 
from being too much cooled, an earthenware ftopper mull be 
prepared to fit loolely into the open mouth of the tube.— - 
The apparatus being properly put together, light the fire, 
and when the bottom of the tube is red hot, introduce the 
antimony in fmall pieces, and clofe the mouth of the lube 
with the ftopper. The metal being melted, will begin in a 
(hort time to fmokci and the cryftalline oxyd will be depo- 
iited in the upper p»t of the tube, from which it >na/be 
(craped from time to time with a clean iron fpoon. The 
firft portioni are generally yellowifti on account of a fmall 
quantity of ful^uf contained in the metal; this, however, 
is foon burnt on, and the fucceedbg flowers are of a pure 
brilliant aigentine white colour.” Although antimony is 
not combuftible at fo low a temperature as zinc, yet, at a 
white heat, with accefs of air, it bums with a white flame, 
throwing out copious vapours of white oxyd. Another 


pretty experiment on the inflammation of antimony, ms dif- 
covered accidentally by Cit. GUlet. Place a fmall piece of 
antimony on a bit of charcoal, and fufe it by the blowpipe; 
when it is boiling hot, (hake it gently out fo that it may fall 
three or four feet through the air ; it prcfcntly divides into 
a few globules, which immediately take fire, and explode 
when they reach the ground like fireworks. 

The cryftalline oxyd, like the other white oxyds that we 
(haU have occafion to notice in the next fc£lion hut one, ap- 
pears to be a faturatdfl combination of antimony and oxygen, 
in the proportion, according to Thcnard, of 8o of the former 
to «o of -ihc latter ; in many of its properties it refcmbles 
the metalfic acids ; it is foluble, though but fparingly, in 
water, has a decided tafte, forms a cryftaUizable fait with 
potafh, from which it may be feparated by the adUon of 
any of the ftronger mineral acids. When heated by itfclf 
in a porcelain tube, it may be reduced nearly to the metallic 
date ; the firft imprclfion of the fire converts it into a yellow 
oxyd, very eafily fufiblc into glafs, and containing 0.19 of 
oxygen; afterwards, as the heat increafes, it affumes a reddifh 
brown tint, and holds only 0.16 of oxygen; at length it 
arrives at the ftatc of black oxyd, wanting only to be de- 
prived of 0.02 of oxygen, to return to the metallic form. 
Oxyd of antimony, by hafty fufion in a crucible, is converted 
into a vitreous mafs, which, when tranfparent, is of a yel- 
lowilh orange colour, and is called glajs of antimony ; and 
when opaque, is of a brown colour, and has licncc obtained 
the name of liver of antimony. TheXe preparations, however, 
muft not be confounded with the glafs and liver of antimony, 
as procured from the fulphuret ol this metal. 

f 7. jidion of Acids on Antimony, 

1. The fulphuric acid, when cold, appears to exert no 
adlion on antimony ; but when boiling hot, it is decompofed 
by this metal, a copious extrication oi fulphureous acid gas 
takes place, accompanied by violent cffervefcence ; and if 
the mixture is diftiUed to drynefs in a retort, a fmall quantity 
of fulpbur fublimes, and a mafs of white antimoiiial oxyd 
is at the bottom of the velTcl. When the procefs ii 
ftflpped (hort of deficcation, there remains in the retort a 
white, bulky, foft, and moift mafs, and this, when waflied 
with a little water, occafions a copious depofit of white 
oxvd, while the clear liquor becomes diluted lulphuric acid, 
holding in folution a (mail portion of antimony ; a larger 
quantity of water added to this liquor, precipitates what re* 
maim of antimonial oxyd. Tlie a6lion of heat alfo has the 
(kme eftb^, for while evaporating it becomei turbid without 
Forming cryftals ; the fame takes place on the mixture of 
any alkaline folution. If the unwaflied fulphated oxyd of 
antimony is mixed with common fait and diftiUod, the refult 
is oxymoriat, or butter of antimony. 

2. Sulphureous acidf whetlier hot or cold, has no efieft 
whatever on reguHne antimony ; it will, however, decom- 
pofe mod of the acid falts ot this* metal, efpecially that 
mrmed by muriatic acid. Xf fulphureous acid is added 
to a folution of muriated antimony, a wliite powder is 
thrown down of an acrid and haorih tafte, which appears to 
be a true infbluble fulpbita of antimony, decompofable 
with extrication of the fulphureous acid by the fuljphuric, 
or by mere heat ia clofe veiTels ; the refidue of this laft 
operation it a reddiih brown matter, foluble in fixed alkali, 
and again precipkable by the muriatic acid in fonn of 
kermes, or hydrolhteburam oxyd of antimony. 

2. J^ric aeidf ei^cially the yellow, is fpeedily decom* 
poied oh amimony» even in the cold. During the mutiml 
action of Chefe two bodies, a largo difengagement of id* 
trout gat taket place, and the metal it converted into a 
white oxyd fo ra^dly, at fometimes to caufc a£lnal inflam- 
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tion. In its eager abforptlon of oxygen, a great analogy 
fubfifts between antimony and tin ; for not only the nitnc 
acid, but even the water that is mixed with it, are decom* 
pofed by the antimony ; the azot of the former, and the 
hydrogen of the latter of thefe fluids, combine together 
during their nafeent (late, and produce ammonia, which 
with the undccompofcd acid, forms nitrated ammonia, the 
cryftals of which fait, thus uncxpcAtdly occurring, have 
fometimes been miftaken for nitrat of antimony. If the 
white oxyd, refulling from this chemical adion, is mingled, 
before it has been wa»hed, with lime or caullic alkali, am* 
moniacal gas will be d^fengaged. The greateft part of the 
antimonial oxyd remains uncomhined at the bottom of the 
veflel ; a very fmall qiiauiity, however, is taken up by the 
fupernatant acid ; but tvtn this little is precipitated by wa- 
ter, by evaporation, and by mere Handing for a few days. 
The white nitrous oxyd is fully faturated with oxygen, of 
which it contains, according to Thenars, about 30 per cent. 
It is confidercd as one of the rrioft refradory and irreducible 
of the metallic oxyds, which it certainly is when treated 
with the common fluxes ; but when rubbed with a little rc- 
gulus of antimony, and heated in a clofe vefltl, it becomes 
in fuccclfion yellow, orange, brown, and then black ; con- 
taining only about two per cent, of oxygen, as is related of 
the argentine flowers in the former fedion. 

4. Muriatic acidy when alTilled by heat, is capable of dif- 
folving a fmall proportion of antimony ; part of this, how- 
ever, 18 again depotited in the form of a white oxyd as the 
hquor corns ; by evaporation it may be brought to cryftal- 
lize in fmall acicular deliquefeent needles. The oxyd of an- 
timony is more cafily folublc in muriatic acid than the metal 
itfclf, and alfo in greater proportion : it crydallizcs, accord- 
ing to Monnet, in brilliant plates, like the boracic acid, and 
is decompofable by water. 

5. The oxygenated muriatic acid, when in the form of gas, 

exerts a very ftriking adion on rcgulinc antimonv ; if this 
metal, previoufly reduced to a fine powder, is thrown by 
imall quantities at a time into a vial filled with the acid gas, 
each parcel will be found to take fire, and burn with a white 
flamer throwing out, at the fame time, a number of blight 
{■parks, and thus forming a moft beautiful fhower of fire. 
The antimony is converted into a white muriated oxyd. 
The liquid oxymuriatic acid changes the metal into a pow- 
dcry oxyd, but holds a very fmall quantity of it in folu- 
tion ; no doubt on account of the great proportion of 
water, which even the moll concentrated liquid oxymuriatic 
acid neccfTarily contains. If a folution of either the muriat 
or oxymuriat of antimony be gently evaporated nearly to 
drynels, and afterwards cxpwfed in a retort to a low fand 
heat, a thick oleaginous liquid will come over, that by cool- 
ing concretes into a foft mafs, called, from its confiftence, 
by the ancient chemifts, butter of antimony ; the above, how- 
ever, is not the adual method of preparing this fait in the 
laboratories ; it is more cy)cditioufly made by taking ad- 
vantage of the fuperior amnity which antimony has over 
mercury : for this piirpofc feme rcgulinc antimony is well 
mixed in a mortar with twice or two and a half times its 
weight of oxymuriated mercury (corrofive fublimate) 5 
during trituration, much heat is extricated, the evi- 
dence of a chemical lAton between the two fubUances: 
the mixture being put into a wide necked retort, with a 
fuitable receiver adapted, in i.fand bath to a 

ffcntle heal. During the firft half hour, a fmall quantity of 
a clear liquid paflb into the receiver, which is afterwards fol- 
lowed by n thick liquor that concretes by cooling in the 
ftoeiver* and often « the neck qi the retort into a white 
iiaftl tbit SI Ike hHkr of ufUimtng* A moderate fire la 


kept up till nothing more comes over, at which time the 
receiver is unluted, and emptied of its contents ; there re- 
mains in the retort fluid mercury with fomc muriated oxyd 
of antimony. By 'continuing the diftiliation at a greater 
heat, the mercury is volatilized, and colledted in a liquid 
flate in the receiver. It is to be remarked, however, that 
there arc two objedlions to this procefs ; the one, that if 
the mercurial fait is in too great proportion, a little of it 
will rife with the butter of antimony, and be difTolvcd in 
it ; the other objcdlion is, that if too little oxymuriat it 
ufed, the produce will be much diminifhed, as a confider- 
able proportion of the antimony will be merely in the Hate 
of muriated oxyd. I^he beft way, therefore, of preparing 
this fait, is to mix the unwafhed fulphat of antimony ( i. 

§ 7.) with common fait and black rnanganefe, and diilil tbc 
whole to drynefs. 

The London Pliarmacopceia orders the fiiblimed muriat to 
be made thus. Mix togetlicr one part of crocus of antimony 
with two parts of decrepitated fait ; put the mafs into a glaU 
retort, and add one part of fuiphiiric acid ; then diilil, and 
what comes over is butter of antimony. 

Butter of antimony, though folid at the ufual temperature 
of the atmofphere, liquefies at a very gentle heat, and by flow 
cooling cryiiallizes in large parallelepipeds. It is intenfcly 
cauHic, deftroying the organization both of animal and vege- 
table fubflanccs ; by expofure to the air and light it becomes 
coloured, and deliquiates into a thick oleaginous fluid. When 
dropped into dillillcd water, it is for the moll part dccompo- 
fed, and a copious white precipitate is thrown down, which 
is little clfc than a ptrfedl oxyd of antimony. This, after 
being waihed and dried, forms iht powder of algaroth, or 
mercurius vita. The clear liquor feparated from the pre- 
cipitate dill holds a little antimonial oxyd in folution, as is 
obvious from a further precipitation taking place 011 the ad- 
dition of an alkali. 

Schcele has given the following method of preparing pow- 
der of algaroth, in an cflay of his on this very fubjcdl. To 
two parts of fiilphurated antimony add three of nitre, and 
detonate the mixttiie in a hot crucible; pulverife the mafs, 
and dir in one part of this to three of water, with one of 
fulphuric acid, and one of common fait. Let the whole 
digctl together for twelve hours in a fand bath, and drain it 
through a cloth ; feparatc the clear liquor, and add to the 
rcfiduc more fait and diluted fulphuric acid, which diged and 
filter as before. Mix the two liquors together, and pour 
them into a large quantity of boiling water ; a white preci- 
pitate immediately takes place, and this, when wafhed and 
dried, is the powder of algaroth. 

If to anv quantity of fublimed muriat of antimony an 
equal weight of nitric acid is added, the liquor becomes 
highly coloured, copious orange-coloured fumes are difen- 
gaged, and a confiderable degree of heat is excited ; after a 
while, a white magma of oxyd is depofited. If before 
the latter takes place, the liquor is evaporated to dry* 
nefs, a pure white oxyd remains behind ; and this being 
three times more abdra£led with frefh nitric acid, and after- 
wards heated moderately red in a crucible, aflumes the ap- 
pearance of a pulverulent mafs, white at the furface, and 
rofe-coloured beneath ; this being ground in a mortar, fo 
that the white and coloured parts may be thoroughly mixed, 
is known in the (hops and old pharmacopoeias by the name 
of lezoar mineral; &nd, in faa, is notfiing more than a 
perfed oxyd of antimony, holding, perhaps, m very fmall 
portion of the acid. 

6. Nitro^muriaiu acid it the beft folvent of ivguUne an- 
timony ; if the add is made moderately warm, and the 
metal put in by (matt pieces at a timei taking care not to 
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fidd a fccopd till the /iril is completely diflolvcd, it may be 
thus charged with a confidcrabie proportion rtf antimony, 
only a fmall part of which is depofited by cooling This, 
however, like all the preceding ant imonial folutipns, isal- 
moii wholly dccoi^ipofcd by the addition of diftillcd water. 
A piece of iron or zinc alfo esufes a precipitation of a 
black oKyd 6.), almotl in the metallic Hate, which, ac- 
cording to Thenars, when dried at a low temperature, ac- 
quires the properties of a pyrophorus, inflaming fponta- 
njoiuly l?y contaft with the air. 

7- The f.uoric, boracic^ and carbonic acids, have no a£lion 
on reguhne ai^imony ; they are capable, however, of com- 
bining with it? oxyds, forming.fiilts, the particular proper- 
ties oV which J*nve not been examined. 

8. The luHion of all the meialllc acuh on antimony, ex- 
cept the arfenic acid, is wholly unknown : and for this lee 
Ap- s r N I \ r of jiutimony, 

(> The vegel. hk acuh produce no other eflVfl on metallic 
antimony, except blackening its furface ; they dilTolvc, how- 
ever, its oxyds without much difliculty, forming; faJts, a few 
only of which have been properly examined : thefe we 
proceed to particularife. 

: o. The anlmoniated tartar^ or emetic tartar^ is the moft 
important of the combinations of antimony with the vegeta- 
ble aiMs. It was firft prepared by Adrian Mynfjcht, in 
1631; and from that time to the prefent, has attraded the 
notice of chem’fl.3 and phyricians. Bugman, in his «idmira- 
ble clTay on Emetic Tartar, was the firft who gave any 
thing like a confifleiit account of the mionale, and the va- 
rious chernicj] ani lities concerned in its preparation ; and the 
fuhjedl has of late been finally elucidated by the able andfa- 
gacious experiments of Theuars. 

The tartareous acid, the acidulous tartritc of potafh (or 
cream of tartar), and the tartrite of potalh (foluhle tartar, 
or tartarized tartar), arc each capable of diffolving and com- 
bining with oxyd of antimony ; an inquiry, therefore, into 
the chemical properties of emetic tartar, ncceflarily includes 
the confidcration of the above different menftrua, and thus 
renders it a very complicated affair. 

Pure tartareous acid and boiling water, digefted On any 
of the oxyds of antimony, except that which is faturated 
with oxygen, as the diaphorttic antimony, may be made 
to take up one-third or one-fourth part of its own weight j and 
the folution, when concentrated by evaporation* and al- 
lowed to cool gradually, ufually depofits a few cryftalline 
grains, but is for the moft part converted into a brownifh 
gelatinous mafs, which, at a red heat, is cliarred, and the 
antimony contained in it is partly extricated in the form of a 
white fmokc, and partly reduced to metallic grains. 

A folution of tartritc of potafh, at a boiling temperature, 
takes up at Icaft as much oxyd of antimony as tartareous 
acid is capable of dlffolving; the liquor becomes (lightly al- 
kaline, and upon evaporation, yields a number of ci^ftal- 
line grains. 

A folution of tartareous acidulum, or cream of tartar, 
bemg boiled with any of the fimple oxyds, or fulphurated 
oxyds of antimony, diffolves a confiderablc quantity ; and by 
evaporation and cooling, depofits elongated o^ahedral cryi- 
tals of emetic tartar. 

The tafte of this triple fait is flightly harfh and metallic; it 
reddens vegetable bines ; it cfHorclccs in the air, lofes its tranf- 
parency, becomes of a dead white, and is then pulverulent : it 
requires for its folution about 40 times it weight of boiling wa- 
ter, and nearly twice as much at tliecommon temperature. Sul- 
phuric acid precipitates from it a fulphated oxyd of antimony, 
leaving the cream of tartar pure ; the alkalies, ^th pure, and 
carbonated, decompofe it in part only, aloofe white oxyd being 


precipitated by the firft, and by the fecond, a carbonated 
oxyd, which, in a fhort time, cryftallizcs in the form of di- 
vergent rays. If cither tartareous acid, or tartritc of potafli, 
is added to the folution of emetic tartar previoufly to pour- 
ing in the alkali, there will be no precipitate ; for the tar- 
tritc of potafli produced by the alkaline addition, or already 
exiiling in the fluid, immediately diffolves the antimonial 
oxyd ; and for the fame rcafon, a fimple folution of emetic 
tartar cannot be wholly dccompofed by any quantity of al- 
kali ; and hence probably have arifen the great feeming dif- 
ferences in the proportion of its conftituent parts, as the 
fait has been analyicd by means of a pure alkali, a carbo* 
nated alkali, or other rc-agents. According to Theuars, 
the cryftal^of emetic tartar, from whatever antimonial oxyd 
they arc prepared, and whatever has been the proportion of 
ingredients employed, contain in a given weight prccifcly the 
fame quantity of antimony, of tartareous acid, ot potafh, and 
water ; and even the degree of oxydation of the metal is alfo 
mvariable^ His methoo of analyfing this fait, is firft to afeer- 
tain its tv;4ter of cryftallization, by drying in a heat juft not 
fuflicieiit to decompofe it ; fccondly, to diflblve the emetic 
tartar, and precipitate the antimony by fulphuri^tcd hydro- 
gen ; thirdly, to afeertain the tartareous acid by dropping 
in acetite of kad ; fourthly, to djetermine the quantity of 
potafh by igniting the refidue, and extradling the alkali by 
dilute nitrous acid. By a very careful analyns, conduced in 
the above manner, he found 100 parts of emetic tartar to 
contain 38 oxyd of antimony, 34 tartareous acid, 16 pot- 
afh, and 8 water, befides 4 lofs. But the tartareous acidu- 
lum, w'hich fupplies both the acid and alkali to the emetic 
tartar, contains 57 tartareous acid, 33 potafh, and about 10 
water and lofs ; or 70 tartritc of potam, and 20 tartareous acid 
in cxcefs. Hence it follows, that there is a greater excefs of 
tartritc of potafh in cream of tartar over the acid, than ex- 
ifts in the emetic tartar 5 and this excefs of tartrite of potafh 
is found in the mother water, in which the cryftals of the 
emetic are dccompofed ; when, therefore, the whole is eva- 
pomted to drynefs, as is often the cafe in the preparation of 
emetic tartar, there is a portion of antimoniated tartrite of 
potafh fuperadded, which, no doubt, modifies its efte6I, and 
produces variations, which are unjuflly changed to the eme- 
tic Tartar, Another objedtion to evaporating the whole mafs 
to drynefs without feparating the cryftals, is, that the tar- 
tritc of lime which exifts in a variable proportion in all cream 
of tartar, according to Vauquelin, is alfo mingled with the 
antimonial fait, and weakens its o;>eration. To make* 
therefore, emetic tartar uniformly of the fame ftrength, fe- 
ledl an antimonial oxyd fomewhat below the maximum of 
oxydation, and digeft it in a hot faturated folution of cream 
of tartar, taking care that the oxyd fhall be rather more 
than enough to Taturate the fait (it the grey oxyd from the 
fulpliuret of antimony is made ufe of, or even the common 
glafs of antimony, as thefe arc not already fufficiently oxy- 
dated, there will be a decompofition of water, and a 
quantity of kermes will be formed) ; when the liquor refufes 
to take up any more antimony, filter and evaporate till a 
pellicle begins to be formed ; allow the folution to cool, and 
felcdi all the octahedral and tetrahedral cryftals that arc dc- 
pofited ; wafh them in cold water, and again diiTolve in hot 
water, and cryftallize. For the particular formulae of the 
different pharmacopoeias, fee § I2. 

II. The only remaining antimonial faltsof any confe- 
qucnce, are the oxalat and acetite of antimony ; and we are 
as yet acquainted with very few particulars even concern- 
ing thefe. The oxalat of antimony is eafily formed* and 
concretes into fmall cijftalline grams ; thefe are foluble in 
wine, giving it an emetic quality ; and this prepamtion has 
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been ufed by Tome medical men inftead of the common an- 
timonial wine. The acetitc of antimony being known be- 
fore the difeovery of emetic tartar^ was recommended for the 
fame ufes to which the former is now applied » by Angelo 
Sala. Neither the oxalat, nor the acetitc, however, of this 
metal appear to be poffeffed of any fuperiority over the eme- 
tic tartar, and are now, we believe, wholly diCufed. 

J 8. Adton of Neutral Salts on Antimony* 

Muriat oj' foda is faid to be in part, at leafl, dccompof- 
able by antimony at a red heat ; bnt the experiments on this 
fubje6f are contradidiory, and require to be performed afreHi 
with care and exadnefs. 

Sulphat of potq/b (and propably all the alkaline fulphats)^ 
is decompofed without any difficulty. This was firfi ffiewn 
by Monnet ; he fufed together in a crucible two parts of 
fulphated potafh^ and one of antimony $ the metal difap- 
peared, and he obtained a yellow, femi-vitritied mafs, in- 
tenfely cauftic^ of antimoniated fulphuret of potafh ; which, 
when waffied with warm water, depot! ted, by cooling, a hy- 
drofulphuratcd oxyd of antimony. The metal, therefore, 
in< this cafe, became oxydated at the expence of the fulphu- 
ric acid ; and the fulphuret of potafh refulting from this 
combined with the metallic oxyd, rendering it partly foluble 
in hot water. 

Oxymuriat totafh has a very powerful aftion on antimo- 
ny, as it has indeed upon all the eafily combullible metals : 
if equal parts of this lalc, and antimony previoufly reduced 
to a Hue powder, are mixed together, and ilruck brifkly on 
an anvil, or any fuitable hard b^ody, a remarkably loud and 
vehement detonation takes place : if the mixture, inftead of 
being flruck, is poured into fulphuric acid, or rather if the 
acid is poured upon the powder, a biffing noife is produced, 
red fparks are emitted, and the metal is converted into an 
oxyd. 

Nitre and antimony^ in equal parts, or two parts of the 
former to one of the latter, being thrown into a red-hot cru- 
cible, detonate with a vivid flame, the acid of the nitre is 
decompofed, and the metal is completely oxygenated. The 
white mafs remaining in the crucible being pwlverifcd and di- 
gefled in hot water, is feparated into two parts, one foluble, 
and the other infolubic ; the latter of thefc was formerly con- 
fidered as a pure oxyd of antimony, but Theuars has mewn, 
that it contains about one-fifth of potafh, intimately united 
with the oxyd, which appears to a£t the part of an acid : it 
was formerly known by the name of reguHne diaphoretic an- 
timonVf but appears, in faft, to be a kind of antimonlte of 
poiq/of rendered infolubic by an excefs of oxyd ; the foluble 
part differs from the other merely in the proportion of its in- 
gredients, being an antimoniated potq/h^ cryfiallixable and de- 
compofable, with precipitation of its oxyd, by any of the mi- 
neral acids. As, however, this is generally prepared from 
the fulphuret of antimony, we (hall refer the reader for fur- 
ther particulars to the next fedion, 

§ 9. Sulphuretof Antimony — Claft of Antimony — Kermes, 

I . Sulphurct of antimony may be prepared artificially, by 
pulverizing a pound of reguliiie antimony, and mixing with 
It eighteen ounces of flowers of fulphnr ; this being put into 
a crucible, and brought to a low red heat, melts into an 
uniform mafs, of the weight of about two pounds, which, 
when cold, exhibits a ftriated appcarancft exaAly fimilar to 
the native grey fulphuret (§ and is polTefleo of all the 
fame phyfical and chemical properties; hence, for cheap- 
nefs fake, all the preparations from the antimonial fulphuret 
are made with the native ore, juft feparated by fufion from 
Ibe ftony and earthy matters that it is mixed with| which is 
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known In commerce by the name of crude antimony^ or an* 
timony of the (hops. 

2* if the fulphuret of antimony is expofed to a red heat, 
with accefs of air, moft of the fulphur 1$ volatilized, and a 
fmall but variable proportion of the metal is carried up at 
the fame time : this operation being performed in a melting- 
pot, furmounted by a feries of aludels, the vapour as it rifes, 

18 condenfed in the form of a light pulverulent fubftance, 
called flowers of antimony* The flowers, at the beginning of 
the procefs, arc of a grcyifli yellow colour, and confift of 
fulphur, with antimony, either in the metallic ftate, or at 
lead very little oxydated ; the next portions are orange- 
coloured, and thofe which rife towards the end of the opera- 
tion, are almoft yellow, and confift of little elfe than pure 
fulphur. What remains behind at the bottom of the melting- 
pot is a greyifh a(h-coloured oxyd, ftill holding a little i'ul- 
phur : among the old chemills it was known by the name of 
grey calx of antimony ; by the moderns it is called the grey 
fulphur aled oxyd of antimony. It is moft commonly pre- 
pared by flow roafting of the crude antimony in a flat difh 
or reverberatory furnace, and the fulphur and metal that are 
volatilized with it are allowed to efcape. See § 4. 

3. The grey fulphurated oxyd, when urged by a fuffi- 
cient degree of heat, forms a tranfparent gtafr, pofleiling, 
according to circumfiances, every (hade of colour from light 
yellow to the deepeft hyacinthine red ; this is the glafs of an* 
timony, OTf according to the modern nomenclature, the vitreous 
fulphurated oxyd of antimony. In order to prepare this, any 
quantity of the grey oxyd is put into a crucible, and kept 
at a full red or low white heat till it enters into perfe^l fu- 
fion ; foon after this has taken place, the end of a clean to- 
bacco pipe (liould be dipped in it ; and if the matter that ad- 
heres to the pipe is tranfparent, and may be drawn into a 
thread like common glafs, it has been heattd fufficiently: 
the crucible is then to be removtd from the fir:, and its con- 
tents arc to be poured on a compadt fl.it (lone or plate of 
copper. When the glafs has become fohd, it (hould be re- 
moved iuto a covered vcflel, as it cracks and flies while 
cooling. 

It fometimes happens in making the glafs of antimony, that 
the grey oxyd begins to melt as foon as it is red hot, and 
continues limpid like water, without acquiring the property 
of drawing into threads like glafs : at other times, on the 
contrary, even the long continuance of a white heat will do 
no more than bring it to i\ pally confiftcnce. In the former 
cafe, the glafs is of an unufually deep colour ; in the latter 
of a very light colour. This inequality arifes from a differ- 
eiice in the grey oxyd ; if it has been too little roafled, it 
flows with the firft impreffion of the heat, but when 
more completely oxydated and dcfulphurated, ii proves very 
refraftorv : this laft, however, may be remedied by throww 
ing in a little crude antimony in powder, which will imme- 
diately determine its fufion and vitrification ; and in this cafe 
there are always found at the bottom of the crucible a few 
grains of very pure regulus of antimony. 

If the previous deiulphu ration has been very flight, the 
oxydation alfo will have proceeded but a little way ; and the 
glafs produced, though poflelTcd of a vitreous fradture, is 
perfeAly opaque, and oi a dark liver colour, hence it has 
obtained the name of liver of antimony : the fame name, 
however, has been given to a preparation of crude antimony 
and nitre, which will be mentioned prefently. 

4. The ad^ion of acids upon the fulphuret of antimony it 
upon the whole fo fimilar to their adlion on the regulus, as 
deferibed, f 7, that it will only be neceflary to TOint out 
the circumftancts in which they differ. In general, the me- 
tallic part of the fiilpburet is more eafily diffolved and re* 
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tamed by licids than the mere regulus is. and the fulphur 
of the compound is not at all or very little afted upon. The 
fulphuric i^d nitric acids are decompofed with confide- 
rable energy, on pulverized fulphuret of antimony } ful- 
phutcous acid in one cafe, and nitrous gas in the other, 
Dcing copioufly difengaged, the metal is oxydatei and re- 
mains intimately mixed, though no longer combined with 
the fulphur, very little of it being attually diflblvcd by 
thefe acids. The muriatic acid, even when cold, will decom- 
pofe a large quantity of fulphuret, during which procels, 
there is a cbnhderable extrication of fulphui-atcd hydrogen ; 
if the mixture is heated, the whole of the metal enters into 
folution, leaving the fulphur at the bottom unaltered ; a 
fmall portion, however, both of the fulphur and metallic 
oxyd is dilTolved in the hydrogen, and efcapes in a galTeous 
form ; for Bergman obferved, by performing this experi- 
ment in a vcifer with a long nanw neck, that the fulphu- 
rated hydrogen, in its paifage through, depofited a little 
kermes, or hydro fulphurated oxyd of antimony. The beft 
menftruum, however, for crude antimony, is a nitro-mu- 
riatic acid, compofed of one part nitric, and three parts 
muriatic acid ; the metallic oxyd is entirely taken up, part 
of the fulphur is carried off by the hydrogen gas, another 
part is acidified and mixes with the other acids, and the 
remainder, about 26 per cent, is left at the bottom of the 
veffel in form of a white powder. In § 7, wc have given 
an account of the original method of preparing the butter of 
Skntimony by fublimation of the regulus with corrofive mer- 
curial muriat : the fame antimonial fait may be obtained by 
ufing fulphuret of antimony, but inftead of obtaining the 
mercury in a metallic flate, it is combined with the fulphur 
of the antimony into a violet -coloured mafs, which, at a full 
red heat fublimes, and is d^ofited in the upper and cooler 
part of the veffel, in needle-form cryftals of cinnabar, hence 
called clnnahar of antimony. 

5. The fixed alkalies arc capable by the iry way of com- 
bing with fulphurated antimony, forming fevcral imj^rtant 
preparations. If ly ounces of pulverized crude antimony, 
1 2 ounces of decrepitated fea fait, and 3 ounces of tartar, are 
mixed together, and fufed in an earthen crucible, there will 
be found, on breaking the vcITcl when cool, that, it contains 
two fubftances ; the upper is of a lighter colour tlian the 
other, and confills of the fait with a little fulphur ; the infe- 
rior fubftance is very heavy, opaque, of a black colour, and 
on being broken, exhibits a fhining vitreous fi*a6tuile: it has 
obtained the name of medicinal regulus^ though improperly, 
being a fimplc alkalized fulphuret of antimony, in which the 
met^ is probably uncombined with oxygen, and nearly fa- 
turated with fulphur. A fimilar preparation to this is the 
ruby of antimony^ or magnefa opalina^ differing, however, in 
containii^ Icfs fulphur, and in the metal being perhaps more 
oxycUte£^ It is prepared by mixing equal parts of muriated 
focta (fea fait ), nitre, and crude antimony, and fuling the wholf 
in a crucible ; there is a large quantity of fcorise in this as in 
the former procefs, and underneath them is a compact vi- 
treous mafs, tranfparent in thin (hivers, and, if well made, 
of a deep, fomewhat fmoak-red colour, and brilliant femi- 
mctallic luttre. Neither of thefe preparations is dcliqucf- 
cent or folublc in water, on account of the fmall proportion 
of alkaline fait that they contain. By increafing, however, 
thedofe of alkali, the miifs becomes folublc ; thus, if to one 
part of fulphurated antimony wc add two parts of pure diy 
pearlaih, wc obtain by fufion a compaA reddilh-brown mafs 
of alkaline fulphuret of antimony, and a little of the metal in 
its pure reguune (late is found at the bottom of the cruci- 
ble. If the whole of the antimony is required to be diflblvcd 
in the fulpbunitcd alkali, as is the cafe in the preparation of 
kermes, it is requilite to add to the above ingredients about 


one-twentieth of their weight of fulphur. Hence it appears, 
that the fulphur of the crude antimony is divided between 
the metal and the antimony, in the compound ratio of their 
weights and their refpeftive affinities for fulphur, in confe- 
quence of which fome of the antimony is entirely defulphu- 
rated, and remains in an uncombined (late, while the remain- 
der being only partially defulphurated, unites into one mafs 
with thefulphurated alkali, if this alkaline fulphuret of an- 
timony, coarfely powdered, is boiled in pure water, nearly' 
the whole is held in folution as long as the liquor continues 
hot, fo that it may be paffed haflily through a filtcri but in 
proportion as the liquor cools, a copious precipitation takes 
place, of a bulky, ffocculent fubftance, whofe colour is a deep 
brick-red, approaching to that of the kermes infe£l, whence 
it has been called kermes mineral: after the depofition of 
kermes has ccafed, the liquor being feparated from it by a 
filter, is of a wine-yellow colour ; and upon the addition of 
any acid, a ftill further precipitation is brought about, of an 
orange-ytllow powder, which is called the golden fulphur oi 
antimony. Kermes may alfo be prepared in the humid 
way, as was firft (hewn by Lemery in the year 1707. 
Since that period a multitude of proceflea have been pub- 
liihed by the French chemifts for the preparation of this fub- 
ftance ; none of them, however, appear to be effential im- 
provements of Lemery* s original method ; and as this has 
received the high fanftion of the obfervant and accurate 
Beaumc, we inall fele£l it for the ufe of our readers. Put 
into a clean iron pan five or fix parts of pure I'quid fixed al- 
kali, with fifteen or twenty parts of water 5 fet it over the 
fire to heat, and as foon as it has begun to boil, ftir in fome 
well levigated fulphuret of antimony, equal in weight to one- 
fixteenth of the alkali ; ftir the mixture well, and when it 
has boiled for a minute or two, throw the whole on a filter, 
fo that the clear liquor may pafs through while hot ; a large 
quantity of kermes will be depofited while it cools, whicn, 
after being feparated from the alkaline folution, is to be 
wafhed firft in cold, and then in hot water, till the water 
comes off quite infipid ; the powder being then dried in the 
fhade by a gentle heat, and levigated and paffed through a fine 
fievc, is to DC kept in a wcll-clofcd phial for ufe. The alka- 
line liquor, when it' has ccafed to depofit kermes, may be 
made to yield the golden fulphur, by fatuiating it with di- 
lute fulphuric acid. In this procefs by the humid way, as 
in the other by the dry way, a partition of the fulphur takes 
place between the alkali and the metal, by which a portion 
of this h(l is left undiffolvcd in the form of a grey powder ; 
and this, by fimplc fufion in a crucible, is reduced to a mafs 
of regulus. According to the French chemiils, both the 
kermes and golden fulphur arc hydrofulphurated oxydeof fuU 
phuret of antimony : and Theuars, in his experiments on the 
antimonial oxyds, has given the following as the refult of his 
analyfes of thefe two fubftances, viz. Kermes mineral con- 
tains, 

72.760 brown oxyd of antimony, 

20.298 fulphurated hydrogen, 

4.156 fulphur, 


97.214 
2.786 lofs. 


loaooo 

Golden fulphur contains, 

68.3 orange oxyd of antimony, 
' 17.877 fulphurated hvdrogm, 

XI to 12 fulphur. 


98.177 
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The theory concerning their formation is, that the alka- 
line antimonial fnlphiirct coming into contadl with water, 
decompofes it ; that the oxygen of the water combines with 
the fMlphuratcd metal, while its hydrogen dilfolvts feme of 
the falphur with which it is in contad, and unites to the 
fnlphurated metallic oxyd in diflerent proportions, according 
to the different degrees of oxydation of thefc oxyds ; that 
when the antimony is the leaft oxydated, it unites with the 
^rcateil ijuantity of fulphurated hydrogen, and becomes 
infoluble in alkali, forming the kermes ; and, on the other 
hand, when more oxydated, it unites with lefs fulphurated 
hydrogen, and remains diflblvcd in the alkali till precipitat- 
ed thence by an acid, forming the golden fulphur. Kermes 
may alfo be made by palling fulphurated hydrogen through 
a folution of muriat of antimony ; and this among others 
is adduced as a proof of the kermes containing the metal 
in an oxydated ilate. Notwithilanding, however, the ex- 
cellent experiments of Berthollet and Theuars on this fub- 
je£l, many very flroiig objedlions may, in our opinion, be 
urged againit their thtory : to enter into them at full length 
would be inconfillcnt with the plan of this work, but we 
(hall refumc the fubjeCl when treating of the Metallic Hy- 
DROSUtPHUREVS. 

6. The nature of the preparations refulting from the 
mutual a£lion of nitre ana fiilpiiuratcd antimony, depends 
irery much on the proportion which the nitre bears to the 
other ingredient. The nitrous acid is confuined in acidify- 
ing the fulphur and oxydating the antimony ; and the alka- 
line bafe of the nitre unites with the fulphur, if any re- 
mains, writh tlie fulphuric acid forming fulphat of potafli, 
and with the metallic oxyd. When the nitre cnnCderably 
exceeds the antimonial fulphurct, as in the preparation of dia- 
phoretic antimony, the fulphur is entirely oxygenated, and 
partly cfcapcs in the form of fulphurcous acid g2S, while 
the remainder, with part of the alkali, forms fulphat and ful- 
phite of potalh \ the metal alfo is completely oxygenated at 
the cxpcncc of the nitre ; and the oxyd hence refulting, com- 
bines with the potafli in two proportions ; that portion 
which is united to a large quantity of alkali is rendered fo- 
luble, and the other remains infoluble. Hence when the 
refiilt of the above procefs is lixiviated with hot v^’ater, we 
find diflfolved in the liquor, and may obtain, in a cryftallinc 
form, fulphat and fulphitc of potafli, fome undecompofed 
nitre, and antimonitc of potafli ; the undiflblvcd rcfidue, or 
diaphoretic antimony, confifls of the perfeft oxyd of anti- 
mony combined with about a fifth of potafli. 

When the nitre and crude antimony are in equal propor- 
tions, only part of the fulphur is acidified, and the metal is 
at a low ftatc of oxydation ; by the adion of warm water 
the mafs is divided into an infoluble and foluble portion ; the 
firft, called crocus metallorum% feems, like the glafs of anti- 
mony, to be merely a fulphurated oxyd ; the latter confifls 
of kermes, of golden fulphur, and fulphat of potafli. Fur 
further particulars fee §12. 

§ I o. Phofphuret of jintimony. 

Pelletier, in his ElTays on Phofphorus, has given the 
three following procefles for combining antimony with that 
highly inflammable fubftance. i. To one ounce of regtilus 
of antimony add an equal weight of glafs of phofphorus, 
and one dram of charcoal ; pulverize the whole well toge- 
ther, and fufe the mixture in a covered crucible ; the rcfult 
is a white metallic mafs of phofphoratcd antimony, very 
brittle, with a lamellar frafture, and nearly cubical frag, 
ments. When a little piece of it is put upon lighted char- 
coal, and expofed to trie a^ion of the blowpipe, it emits, 
at the moment of fufion, a faint green flame, and then vo- 
latilizes like pure antimony, in the form of white fiowera. 


2. Equal parts of regulus and glafs of phofphorus fumifli 
by fufion a metallic mafs, whofe fradlure difplays minute 
facets, and in every other rcfpcA is fimilar to No. i. 3. A 
phofphuret of antimony, with the fame properties as the 
Former, mav alfo be prepared by projeding on the melted 
regulus fmall pieces of phofphorus. In this cafe, however, 
the crucible mull be removed from the fire immediately after 
the lail portions arc thrown in, otherwife by a continuance of 
the heat it would be all volatilized. 

The phofphurets of antimony arc not applied to any 
ufe, and the above arc all the fads which we arc poffeffed 
of concerning them. 

§ II. ^Alloys of Antimony . 

1* Antimony nvith gold. See Gold. 

2. Antimony with platina. Sec Platina. 

3 . Antimony with jilver. 

According to Lfmcrv, one ounce of reguline antimony 
and three drams of cupelled filvcr, being fnfed together in a 
ftrong heat, yielded an alloy of the fame weight as the ori- 
ginal materials, and fimilar to common regulus of antimony, 
but more compad, and not fo brittle. Gellert (Cbvmie. 
Metallurg.) rtlatcs, that 181 grains of filver being fufed 
with 255 grains of reguline antimony, the alloy was found 
to have loll during the procefs ii^l grains; the remainder 
was very brittle, and in colour fimilar to regulus of anti- 
mony : its fpccific gravity was = 8.44. But the fp. gr. of 
the filver being = 9.1, and that of the antimony being =: 
6.7, the fp. gr. of the alloy, fuppofing the whole lols of 
weight to have been antimony, ouglit to be = 7.96. There- 
fore the fp. gr. of this alloy is greater than the mean of its 
ci nfiituent parts. It is made no life of, 

4. Antimony with copper^ 

Thefe two nictals mixed together in nearly equal propor- 
tion?, foim a hard brittle alloy", of a violet coloiu internally, 
which is not vety foon afftded by expolure to the air. Gtllert, 
having u.ixed together 314 grains of copper, fp. gr. = 8.7, 
with 464 grains of reguline antimony, fp, gr. 6,7, ob- 
tained an ahoy whofe fp- gr. was 8.0i. During the fu- 
fion there was a lofs of 43 ^ grains ; and putting the whole 
of this to the account of the antimony, the fp. gr. of the 
alloy ought, by calculation, to have been = 7.49. The 
fp. gr. therefore of this alloy is greater than the mean of its 
conflituent parts. It is made no ufe cf. 

5 . Antimony with iron. 

The general properties of antimony with a very fmall 
proportion of iron, or martial regulus^ may be found above 
in f 4. Gcllcrt having mixed by fufion j grains of iron, 
fp. gr. = 8.0 with ' 173 grains of reguline antimony, ob- 
tained an alloy of 63 grains lefs by weight than the* mate- 
rials. It was brittle, of an afli colour, and contained fpecks 
like rull of iron. Its fp. gr. was = 6.92. Now fuppofing 
the lofs of weight to be placed to the account of the 
iron, the denfity of the alloy ought to be =: 7.0^5 ; its fp. 
gr. therefore is lefs than the mean of its ingredients. This 
alloy was wholly iinaffedcd by a powerful magnet, except 
one or two particles which appeared to be iron. It is not 
made any ufe of. 

6. Antimony with mercury. See Mercury. 

7. Antimony with tin. 

Thefc two metals being mixed together in nearly equal 
proportions, form a moderately hard, very brilliant, and 
brittle alloy, capable of receiving an exquifite polilh, and not 
eafily tarnifhed ; it has therefore been occafionally manufac- 
tured into fpeculums for telcfcopes. Gellert mixed together 
by fufion 23 if grains of tin, fp. gr. == 7.36, with ajii 
grains of antimony ; 77 grains were loft in the procefs, and 
the alloy was =s 6.94 fp. gr. Suppofing the whole lofs to 
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attributed to tbc tm, the denfity of the cotnpound ought 
to =: 7.0 ; its fp, gr. is tlicrefoie lefs than the meau ot its 
ingredients. 

8 . jintmony •fvith kaJ. 

This is the moil important of all the alloys of antimony. 
It being the material of which the common types for print- 
ing are made. In proportion as the lead exceeds the other 
ingredietit, will be the dudlility of the mafs ; and the lead 
may be hai-dencd, and its fiifibility unimpaired by fo fmall 
a proportion of antimony as not to injure its du<?lility. 
Gmelia found that equal parts of the two metals produced 
a porous brittle alloy ; one part antimony, and two lead, 
afforded a more compadt met ^1, but Hill brittle ; one part 
antimony, and three lead, gave a homogeneous metal, dudrile 
under the hammer, and much harder than lead : one part of 
antimony gave to eight of lead an increafe of fufibility, hard- 
nefs and colour, without maleri I’y iuj iring its malleability. 
According to Gellcrt, 386} grams of lead, fp.gr. 11.7, 
being fufed with 333 grains of antimony, experienced a lofs 
of lOi grains. The alloy was brittle, and prefented a gra- 
nular fomewhat fliining fradiurc ; its fp. gi. was = 9.17; 
and even if the whole lofs of weight is attributed to the 
antimony, the denfiiy by ealculaiuni ought to be = 9.12. 
The mats is therefore of a greater fp, gr. than the mean of 
its ingredients. 

Q. Antimony with zinc» 

Equal parts of the two metals being fufed together, form- 
ed a homogenous brittle mafs of a light a(h-colou: 5 the lofs 
of w'eight v^^as about one-lixth of the whole ; as however 
botlr thefe nutals arc vciy volatile, it is impolTiblc to fay 
with any certainty what proportion of the lofs is to be at- 
tributed to each j the fp. gr. of the mafs was rather lefs 
than that of the antimony, which is the lightcll ©f the 
two. It is not ufed. 

10 . Antimony with hijhiuth. 

According to Gellert, equal parts of the two metals be- 
ing fufed together, loll their weight, and produced an 
alloy of a lighter ctdour than bifmutli, and very brittle, dif- 
playing inrits fradure a cubical (Irudlurc like that tnetal ; 
the fp. gr. of the mals was = 8.96 ; whereas, fuppoling 
the yV ^f l^f** to have been fullainrd by the bifniuth, the 
hcaviefl of the two, its deufity by calculation ought to have 
been only =r 7.94. Not ufed. 

Concerning the combination of the other metaltwith an- 
timony nothing is as yet known, except merely tl^t cobalt 
unite* eafily with antimony, and maugaiiefe wdth great diffi- 
culty, and very imperfcdly. 

^12. ^he medicinal Virtues^ and pharmaceutical Prepara- 
iions of Antimony, 

This metal affords fevcral of the mod valuable articles of 
the pharmacopoeia ; and as it has for fo many years engaged 
the attention of chemifta and alchemifts (of whom a large 
number have ever been zealous to add to thcrefouices of the 
healing art), we poflefs an almofl infinite variety of anti- 
monial preparations, all of them vsduable as medicines, all 
enjoying many virtues hi common, but a few' out of the num- 
ber recommending ihemfelves peculiarly to the medical prac- 
titioner from the uniformity of their compofuioii, or from a 
greater tendency to one mode of operation rather than an- 
other, whereby particular indications in the cure of difeafes 
may be fulfilled. 

The firft and moft unqueftionable operation of antimony 
sm the human body is that of an cp’ctic. This operation 
appears to be always in dired projxirtioii to the adivit y of the 
antimonial in every other refptd 5 and it exills in the high- 
eft degree in tliote pi'cparatiuus that arc almod too virukut 
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to be given Internally with fafety in common cafes. Anti- 
menials excite to vomit very fpeedily, and their adioii if 
continued on the ilomach for a confidcrable time } hence 
they are of a peculiar fervice, cither where any acrid or poi- 
fonous matter has been taken which requires to be fpeedily 
and cfledually removed ; or in fuch cafes as incipient fever, 
where, along with the clearing of the firll paffiiges, the 
phylician wi flies to prolong the mechanical adion of vomit- 
it.-g, fo as to induce a relaxation on the fkin, and complete 
perfpiratioa. 

1 he operation of antimony is alfo extended to the intefti- 
nal canal, and hence it proves confiderably purgative ; and 
this cfFcd takes place, cither when the dole has been greater 
than ncccflary, merely to produce vomiting $ or w’hen the 
ilomach has efcaped the adion of this powerful mineral. In 
order to fccurc the purgative, and prevent the emetic ope- 
ration of antin ony, it is advifeable to unite it wdth fomc of 
the ufual aperient medicines, whofe operation it will thus 
affift in a confidcrable degree. 

Antimony appears to promote almoft all the excretions, 
and to quicKcn and llimulatc the adion of the abforbent vef- 
fels. It is therefore eminently diaphoretic (or promoting 
erfpiration) ; exptttorant^ and often diuretic. It frequently 
appens that a Tingle one of the antimonial preparations may 
be made to produce each of thefe effeds by varying the 
dofc, increafing it to rci derit a vigorous emetic or cathartic; 
and diminifliing it when the gentle and more gradual opera- 
tion of a diaphoretic or expedorant is to be freured. 

A long continued courfc of antimonials, in the roildeft 
fonn, wherein the dired operation of this metal is fcarcely 
at any one time to be deteded, has been found of elTential 
fervice, both in various obftinate cutaneous complaints, and 
to produce that change of conftitution and fuppofed refolu- 
tion of internal obilrudion, which entitle a medicine to the 
(fomewhat ambiguous) charadcr of alterative and ueobjlruent* 

Wc fliall now proceed to take notice of thofe prepara- 
tions of antimony which are adually in ufe, or which have 
acquired a certain reputation in medicine. 

Antimonium preparatum (Pharm, Lond, Cf Edin,)» This 
is nothing but the crude antimony or native black fulphuret, 
prcjiarcd for medicinal ufe fiinply by triture to an impalpa- 
ble powckT, edulcoration witn water, and fubfequent dry- 
ing. In this native mineral the proportion of the fulphur 
to the metallic part is fo large, as to render it almoil en- 
tirely inert, at lead with regard to any fcnfible operation. 
It is fomciimts, however, though rarely, employed in cuta- 
neous Complaints ; and formerly it was ufed in ttie prepara- 
tion of decodions of farfaparilla, guaiacum, and the other 
fudorific woods ; a quantity of the mineral being tied up in 
a locfe cloth, and fufpended in the vcflcl in which the dc- 
codtion was preparing ; but as fcarcely the minuted por- 
tion of The antimony could be dilfoived by this procefs, it 
has properly been omitted. 

The crude antimony, dill, however, is retained in veteri- 
nary pradice ; and it may be given to many animals in dofci 
of fcveral ounces without any apparent operation. 

It is likewife the material from which all the other anti- 
monial medicines are prepared, diredly orindiredly. 

Anihnonium vitrefaQum {^Pharm, Lond,)^ vitrum antmonii 
{Pharm. Edin.J, Glafs of antimony. 

To prepare this, the crude antimony is roaded on a tile 
or other 1 hallow veflel, with a very flow fire, and frequent 
dirring, till all the fulphur is expelled which can be Icpa- 
rated in this method; What remains is a grey powder, 
which is to be melted in a crucible and an intenle lire into a 
ycliowilh vitrefeent mafs, to be poured out on a warm 
copper or iron plate, and when cold reduced to a very dne 
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‘powder. Thif preparation it an oxyd of antimony not at 
Its hightft point of oxydacion, and (lill retaining a fmall por- 
tion of fnlpliur, which it it impofTible to feparate by mere 
heat. When well prepared it is pretty uniform in its na- 
ture, and it a very violent medicine, operating even in fmall 
dofes as a ilrong emetic and cathartic. It is fcarcely ever 
employed internally, but is the bafis of the emetic tartar, 
and the antimonial wine, in the London Pharmacopoeia. 

Vttrum antlmonll eeratum ( P harm, Edinh*). 

Take one ounce of glafa of antimony in fine powder, 
add it to one dram of yellow wax melted in an iron vefTel, 
heat them gently together for a quarter of an hour, with 
conflarit (lirring ; pour out the mafs when cold, and reduce 
•it to powder. 

The glafs of antimony here incorporates with the wax,^ 
and changes its colour f^rom lemon yellow to brown in the 
procefs. The wax appears to Icflen in a very great degree 
the aftivity of the antimony, fo that this medicine may be 
given with fafety, and has been much recommended in dy- 
•fenteries and other bowel complaints. It is rejected from the 
London pharmacopoeia ; but retained in thofe of Edinburgh, 
Amfterdam, and fome others. 

A great variety of preparations liavc been made from the 
crude antimony by the intermedium of nitre. The opera- 
tion of this fait on the metallic fulphuret when dephlagrated 
together, is firft to confume the fulphur, and afterwards, if 
the quantity be fufficient, to oxydatc the metal to the 
high^ point. It is remarkable, that the pcrfe^l oxyd of 
antimony, entirely divefted of fulphur, and fully faturated 
with oxygen, appears almoft as inert as the crude fulphuret of 
antimony itfelf, whilft in the intermediate dates of deful- 
phuration, and oxydation, many very adive medicines are 
found. 

Of thefe the two following alone are now retained, the 
drd with a fmaller proportion of nitre, the latter fully fatu- 

lated. 

Crocus antimonil fPharm, Lond, Edtn.)* Crocus of 
antimony, alfo calico crocusjmctallorum, fad ran des metaux, 
and hepar or liver of antimony, by foreign writers. 

To prepare this, take one pound of crude antimony, one 
pound of nitre, and one ounce of common fait, mix them 
accurately, and projedthem, a fpoonful at a time, in a large 
crucible heated red hot ; when the whole is dephlagrated, in- 
creafe the fire fo as to melt the mafs, and pour it out. When 
cold it will be found to confid of two parts, the upper a 
whitiih falinc fcoria, to be feparated from the lower, which is 
the crocus of antimony. This is to be rubbed to a fine pow- 
tler, and repeatedly wafhed with warm water, till it comes 
off from the powder quite infipid. 

The crocus of antimony is a very violent emetic and 
purgative, and is feldom employed internally except in 
farmry. When walhcd it appears to have the greateft rc- 
iemblance to the glafs of antimony above deferibed, and it 
is reftrved for fimiiar purpofes, that is, as a bafis for the 
tartar emetic and fome other of the antimonial preparations. 

When pr»ared in the large wav, it would appear that it 
is not nece&ry to heat the veffel in which the mixture is 
iired, the heat excited by the dephlagration being fufficient 
to fttfe the whole to the requifite degree. The whitifh fcoriae 
here produced confiil of fulphat of potafh (formed by the 
potam of the nitre and the {ulphnric acid, generated by the 
dephlagration of the fulphur), of the fea^fdt, and probably 
>of a portion of uncombined alkali, with fome particles of 
the metallic fulphuret that may have efcaped the adion of 
Sthe nitre. 

^nsimomum takhatum (Pharm^ Lond.)^ aniimomm 
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ufium cum nltro (Phurm, Edtu.), calx antmoait, or dta* 
phoretic antimony. 

This is prepared, according to the London college, by 
projeding gradually in a hot crucible a mixture of one part 
of crude antimony with three parts of nitre, railing the 
heat after dephlagration, and continuing it for half an hour ; 
and when cold, pulverizing and edulcorating it. 

The Edinburgh college dired one part of the grey powder 
left after reading crude antimony for the glafs of antimony, 
to be dephlagrated with only an equal weight of nitre, to 
be heated for an hour, and afterwards reduced to powder and 
wafhed till infipid. 

Thefe two preparations are, however, cffcntially the fame, 
and confid of the oxyd of antimony left after the fulphur haa 
been entirely diflipated by the nitre, itfelf having been oxy- 
dated to a high degree by the fame dephlagration. 

As the intention of ufing fo much nitre in the fird method 
is to confume the whole oT the fulphur as well as to oxydatc 
the metal, it is obvious that a much Itfs quantity of this 
neutral fa’t will be fufficient where fo much of the fulphur 
has been driven off by reading, as is the cafe in the fccond 
method. Formerly a didindion was made between the 
pulverized oxyd taken before, or after wafliing ; in the firft 
in dance being termed antmomum diaphoreticum nUratum ; 
and in the fccond, antimon/um diap/joreticum lotum ; the 
former, as it contained an alkaline ialt, was deliquefeent 
to a certain degree, and required to be preferved in a clofe 
veffel. It is now, however, difufed, the alone being 

retained. 

The diaphoretic antimony, owing probably to its high 
date of oxvdation, is mild in its effeds, and may be taken 
in large do(cs, without producing ficknefs or purging . It 
is naturally white and in a pulverulent date, the antimonial 
oxyd not being truly vitrified in the procefs, as it is in the 
preparation of the crocus of antimony, but only involved in 
the alkali of the nitre, from which it is Separated by 
wafhing. 

The fcveral wafiiings of this fubdance contain a mixture 
of fulphat of potafh, with part of the nitre undecompofed, 
and the naked alkali, all holding in folution a certain quan- 
tity of antimonial oxyd. 

If this compound liquor is decompofed by an acid, the 
metallic oxyd precipitates in the form of a white powder, 
which has been called the cm^e of antimony^ or matsnaper* 
lata ; but if the liquor is merely evaporated to drynefs, part 
of the falts crydallize together with metallic oxyd, and 
form the nitrum Jlillatum^ or anthnontaied nitre of Stahl. Thefe 
latter preparations are now in difiife. 

Some other antimonial medicines have been prepared with 
didcrent proportions of antimony and nitre, forming oxyds, 
all of which in a fimiiar manner upon the human body, 
but with different degrees of energy. It (hould feem that 
the middle point with regard to the proportions of antimony 
and nitre, that is, equal parts of each, furnifhes the moit 
adive antimonial oxyd, which is the crocus ; and the medi- 
cinal power feemB to diminifh in proportion as cither of thefe 
ingredients is ufed in excefs. Thus the conipletelv oxydated 
metal, the diaphoretic antimony, is pofftffcd 0/ but little 
aAivity ; and on the other hand, the crocus antimonii medi^ 
cinalisf formed by dephlagrating eight parts of antimony with 
one of nitre, and confcquently but partially defulphurated, 
is equally mild in its operation. 

The crocus antimonii mitior^ the proportions of which are 
two parts of antimony to one of nitre, is another medicine 
now in difufe, which appears to be more adtve than the lift 
mentioned, Imt milder than the common crocus. 



ANTIMONY 


105 


The metieum mUe anttmonit of Boerliaavc is made by em- 
ploying one part of antimony to two of nitre, And is a mild 
and fa& medicine. 

Another antimonial oxyi formerly emp!*>yed in medicine, 
is prepared by dephlagrating the regulus of antimony with 
twice or thrice its weight of nitre, and this has alfo been 
termed by fome the cerujfa attiimomu 

The nitre here, having no fulphur to engage it, ails en- 
tirely on the metal, and reduces it to the date of a pcrfe6t 
oxyd, which, when wafhed, refembles in every refpeft the 
wafhed diaphoretic antimony made with the black fulphurct 
and three times its weight of nitre. The rcgulus, however, 
docs not require more than its own weight of nitre for this 
preparation ; all the refl is fupcrfluous. 

Regulus anitmonit msdidnalis^ vel fehrifugum Craaniif an an- 
timonial remedy much recommended by many of the Ger- 
man phytic ians, and introduced in the former pharmacopccias 
of Edinburgh, Brandenburg, Strafburg, and others of ce- 
lebrity, but now difufed. 

This, which is improperly termed a regulus, is prepared 
by fufing together five parts of crude antimony with four 
of common liilt and'oneof fait of tartar. On cooling, two 
fubliances are found in the crucible, an upper fcoria, con- 
taining the feu-fall, the alkali, and part of the fulphur, and 
the lower, a reddifh mafs compofed of the greater part of 
the metal, deprived of a portion of its fulphur by means of 
the alkali, and thus rendered more aftive as a medicine than 
the crude antimony. It is this lower rcddifli mafs which is 
the medicinal regulus. The ufe of the common fait feems to 
be merely to aUill the fiifion. 

Regulus antimonii. The methods of preparing the true 
regulus of antimony have been already mentioned. This 
metal ufed formerly to be call; in the form of a Cup, and, 
owing to its (light degree of folubility in various menftrua, 
a powerful emetic liquor was prepared (imply by filling the 
cup with wine, and fuffering i t to lland for fome Qouri. At 
the fame time the cup had loft fo little of itr» weight that it 
would continue to give the fame properties to frem portions 
of wine for years, or almoft centuries, without bcHig cor- 
roded through. 

In like manner the regulus caft into the form of piUi would 
produce the emetic or purgative operation to any number of 
perfons in fuccellion, and hence they were calm ftrpetual 
pills. 

Thefc preparations arc now, however, difeontihued. 

f^inum antimonii. {^Pharm. Pond.) Inftead of the rc- 
gulus, the glafs of antimony is now employed at the bails 
of this medicated wine. One ounce of Uiis, in fine powder, 
is to be digefted for twelve days with frequent agitation, in 
a pint and a half of white Lifbon wine. 

This is a very valuable antimonial, principally emplwed 
in dofes of from ten to fixty drops as a diaphoretic. The 
quantity of the metal taken up by tlie wine is extremely 
Snail, but is liable to vaiy in proportion to the acidity of 
this menftruum, which is one jncoiivcniencc attending iu 
ufe. 

Vinum antimonii tartarifatu (Pharm. Lond. and Edin.) 
In the former difpenfatory it is direded to be made by dif- 
folving forty grains of emetic tartar in two ounces of boiling 
water, and afterwards adding eight ounces of white Lifbon 
wine. 

In the latter, twenty-four grains of emetic tartar arc 
fimply diffolvcd in a pint of the wine. 

The nature and preparation of the celebrated kermes mf- 
neralist or ptdvis cartbujianus^ have been already explained ; 
this is at prefent laid afide, and in its place the London and 


Edinburgh pharmacopoeias have adopted the precipitate, 
formed from a liquid folution of fiilphuret of antimony in 
cauftic alkali, by the addition of an acid, inftead ot by 
mere cooling, as is the cafe with the kermes : this is the 

Su/pbur antimonii pracipitatum vel auratum^ the golden 
fulphur of antimony. 

To prepare it, boil for three hours two pounds ,of crude 
antimony with four pounds of the aqua kali puri (or cauftic 
lye), diluted with tnnec pounds of diftillcd water ; ftrain it 
while hot through a linen cloth, and immediately add gra- 
dually dilute vitrolic acid, fufficient to precipitate the ful- 
phurated antimony, which is of a fine golden colour. Wafli 
It well with warm water, and dry in a gentle heat. 

The golden fulphur is of a lighter colour than the kermes, 
the latter being generally of a brown or brick red. Both 
of them confift principally of fulphur, but holding in folu- 
tion a certain quantity of the metal which renders them 
emetic or purgative when taken in dofes of fevcral grains. 
The. golden fulphur is never ufed with a view of ading vio« 
lently or by any fenfible operation, but it is employed (often 
combined with mercury) as a gentle alterative, with a view 
of keeping up a conftant perfpiiable ftate of the fkin, and 
determining a gentle increafe to the feveral cmundtorics. 
Hence its ufe in various obftinate cutaneous complaiats, and 
other chronical diforders. 

The only folutions of antimony in acids employed fn 
medicine are the muriated antimony^ more commonly Known 
by the name of butter of antimony ^ and the antimoniated tartrite 
ofpotajby or the tartar emetic. The chemical nature of each 
ofthefc intcrefting preparations has been already deferibed. 

The muriated antimony is much too aend and violent to 
be employed for internal purpofes. It is ufed externally as a 
cauftic, efpccially in farncry. Tlic powder of algaroth^ or the 
antimonial oxyd, precipitated from this fait by water alone, 
or by an alkaline folution, is ufed by feveral chemifts as the 
bafis of the emetic tartar. 

Antimontum tartarif^um vel tartarus emeticut. (Pharm. 
Lond. and Edin.) To prepare thismoft valuable medicine 
according to the London Pharmacopoeia : take one pound 
and a half of crocus of antimony in fine powder, two pounds 
of cream of ♦^artar, and two gallons of water, boil them toge- 
ther in a glafs velTel for a quarter of an hour, ftrain the li- 
quor through paper, and fet it by to cool : the cryftals that 
rorm are the emetic tartar. 

The Edinburgh college direfis : firft, to add fome of the 
muriated antimonv to hot ^yater, holding fait of tartar in fo- 
lution, to colleft the white precipitate thus formed, and edul- 
corate it thoroughly : next to add nine drams of this pre- 
cipitate, and two ounces and a half of cream of tartar, in fine 
powder, to five pints of water, and to boil the whole till the 
tartar is diffolvcd ; afterwards to evaporate the liquor in a 
glafs veffel, till a pellicle appears on its furface, and to fet it 
by to cryft^lizc. 

The emetic tartar is by much the moft valuable of all the 
antimonial preparations ; its compofition renders it fufficientlj 
foluble in iirnple menftrua, and as it is almoft entirely infipia, 
and as the requifite dofe is in all cafes comparatively fmall, it 
may be given with great cafe to children, or wherever there 
would be a difficulty of getting down bulky medicines. Ik 
dofes of from one to about three grains it proves emetic, and 
often purges even after the ftomach has been emptied : in 
fmallcr quantities, or mixed with various other medicines, 
and cfpecially wnth thofc that covrcBt its metic property, it 
ftilfills the otner intentions with which antimonials are given | 
and with proper precautions it is always fafe, manageable, 
and highly to be depended on. 
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When prepared in the fame way, it is generally very uni- 
form in it« nature, but it is liable to fomc variation, when dif- 
ferent antimonial ox^ds arc ufcd ; an inconvenience it would 
be of great importance to prevent. 

The lad of the antimonial medicines thatwc (hall men- 
tion, is the pulvh antlmonialis ( Pharm, Lond.)^ or the anti'- 
monlum calcareoph&fphoratum. ( Pharm* Edin* ) 

7o prepare iu Take equal parts of crude antimony and 
hartflioni (havings, mix them together, and throw them into 
a wide iron pan, heated fully red, and ftir themconftantly till 
they acquire an afli-colour ; then take them out, reduce them 
to powder, fill a coated crucible with it, and lute over the 
top another crucible, inverted, and with a fmali hole at the 
bottom, to ferve as a cover : then raife the fire gradually to a 
full white heat, and keep it in this ftatc for two hours ; when 
cold, take out the contents, reduce them to a moll fubtilc 
powder, and it is the pulvis antimonialis. 

This preparation is intended as a fubditutc for the James's 
Powder, one of the mod* celebrated empiric medicines in this 
or any otlier country, the value of which has long been efta- 
blifned by the moll untquivocal tedimony. We lliall refer 
the reader to this article for an account of the ingenious aua- 
lyfis made by Dr. Pcarfon of this powder, and publiflicd in 
the Philofophical TranfaSions, whereby it is proved to be a 
mixture of an>exyd of antimony with the earth of bones, or 
calcareous phofphat ; and hence the pulvis antimonialis has 
been employed as a fubditutc. 

This preparation is given in dofes of one to five or fix 
grains, or even more, and is employed peculiarly in removing 
general fever, by means of perfpiration. It is never inten- 
tionally given in fucli large dofes as to prove emetic \ but it 
is gcncrwly fuppofed, that the genuine James’s Powder may 
be taken in larger dofes than the antimonial powder, with- 
out exciting ficknefs. 

We may add, that Mr. Chenevix, (in the Philofophical 
Tranfadions for i8oi| has given the following ingenious 
method of preparing this medicine in the mold way, which 
removes every caufe of variation which may take place when- 
ever the oxyd of a metal fo volatile as antimony is in certain 
dates, is fubjefted to inlcnfc and long-continueU heat. The 
following is the fimple procefs ; Diffolve together, or fc- 
parately, in the lead polfible portion of muriatic acid, equal 
parts of the white oxyd of antimony, formerly called alga- 
roth powder (made by dropping the butter of antimony into 
water], and of phofphat of lime ; pour this folution gra- 
dually into diddled water, previoufljr alkalized by a fuificicnt 
quantity of cauftic ammonia ; a white and abundant preci- 
pitate will take place, which, well walked and dried, is the 
propofed fubditutc for James’s Powder.” 

In this procefs, the antimony and the phofphat of lime 
arc precipitated from their folution in muriatic acid at the 
iame inftant, the former by means both of the ammonia and 
the water in which it is diflblvcd, and the latter merely by 
this alkali. Hence, the inventor gives the ufeful caution to 
pour the mixed muriatic folutions into the alkaline llijuor^ 
and not to add the latter to the former ; in order that the pre- 
cipitation of the antimony and the phofphatc of lime may 


be confentaneous, and therefore in uniform proportion from 
fird to lad. The muriatic acid Amply diflblves phofphat of 
lime, and does not decompofe it, and therefore it is feparated 
unchanged from its .folution by the ammonia, lx it be 
wilhed to prepare this powder with a llronger dofc of anti- 
mony, it is only requilite to incrcafc the proportion of mu- 
fiated antimony to the muriated calcareous phofphat, before 
the precipitation is made. 

We (hall only add to this Ihort review of the various anli- 
monial preparations ufed in pharmacy, that feveral other pro* 
parations, (lightly varying from thofe which we have mcn^- 
tioned, have been at times recommended by feveral eminent 
men, and have had a certain vogue ; but it does not appear 
that any thing further can be expefied from any other 
change in the preparation of antimonial mrdteines ; and thofe 
which we already poflefs, form fomc of the moil valuable 
articles of the Materia Medica. 

^ I j. Ufes of Antimony, 

The ufes of antimony arc not very numerous ; it is of 
high value in medicine, and is employed, in combination 
with other metals, in the manufafture of printers’ typts,and 
fpccula for teltfcopes. Its oxyds are iilld in colouring glals ; 
the fulphuret is employed in fcorifying copper and other 
metals which are found mixed with gold; hence it was 
called by the alchemifts balneum rc^isy or balneum foJis, 

The native antimony, at firll, was of fervice only in the 
compoiition of paint. Scripture deferibes it to us as a foil 
of paint, with which the women blacken their eye-brows, 
Jezebel undtrllaiiding that Jehu was to enter San. aria, 
painted her eyt.s w'ith antimony, or, according to the He- 
brew, “put her eyes in antimony,” 

At this day the women of Syria, Arabia, and Babylonia, 
anoint and blacken tlicmfelves about the eyes ; and both 
men and women put black upon their cyts in the dcfcit, to 
preferve them from the heal of the fun, and tlie pieicing of 
its rays. M.D’Arvitux tells us, that the Arabian women 
border their eyes with a black colour made of /w/y, w hich 
the Arabians call rebel. They draw a line of this kind of 
blacking without the corner of their eyes, to make them 
appear larger. Ifaiah, in his enumeration of the feveral or- 
naments belonging to the daughters of Sion, has not forgot 
the needles which they made ufc of in painting their eyes 
and eye-lids: nor has tbi^ praAice efcaped the lafliof Ju- 
venal. 

“ Ille fupercilium madida fuligine tiiiAum 
Obliqua producit acu, pingitque trementea 
Attollens oculos.” 

Ezekiel, deferibing the irregularities of the Jcwilhnation^ 
under the idea of a debauched woman, fays, that (he bathed 
and perfumed hcrfelf, and that (he anointed her eyes with 
antimony. Job Ihtws fufficicntly how much antimony was 
in eftcem, by calling one of his daughters a vellcl of antimo- 
ny, or a box to put paint in, comu Jlibii. TertulJian and St. 
Cyprian have declaimed very warmly againft this cullom of 
painting the eyes and eye brows. 
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Arabic gum^ gum Serifg:ilt gummi Aral'icumi AcacU ^vrne 
fuccus* This valuable article of commerce is a verv pure 
concrete mucilage, which exuclca from the Mhwfa Nilotlca^ 
or Acncia Fera, a tree that growi abundantly on the fandy 
foil (»f Egypt and Arabia, on the l> inks of the rivers Senegal 
and Niger, near the Cape of Good Mope, and in fcvcral othir 
parts of Africa. The fruit of the fame tree alfo yields 
another mucilaginous juice, but at the fame time confidcr- 
ably allringent, and of a bro vn colour, which has been al- 
ready mentioned under the article Acacia. 

The purelt gum arabic is brought in caravans to Cairo by 
the Arabs of tiie country around mount Tor and Sinai, w!io 
bring it from this dilUnce on the backs of camels, fewn up 
in bagA of Ikin, and oflea adulterated with fand and other 
matters. 

The fettlement at Senegal is another great mart for this 
commodity; and the gun, which be^rs tiie namt of tlda 
place, is generally i:i larger niafTes, and of a ycUowifli or 
amber colour, but it does not fenlibly differ from the Eg)p- 
lian gum in any of its proper! its. 

This mucilage exudes fpoiitaueoufly in a liquid (late from 
the trunk and boughs of the tree, and liardcns by coutaft 
with the air and the heat of the fun. It begins to floiv nbont 
December, immediately aHer the rainy fralon, near the flow- 
ering time of the tree. Afterwards as the weather becomes 
hotter, incilions are made through the bark, to alfilt the 
tranfudation of the juice. 

The bed gum arabic is brought over in oblong or round- 
i(h lumps feldom bigger than a walnut, nearly iranfparrnt, 
white, or of a pale yellow, wrinkled, and of a (hining frac- 
ture, It is fo brittle a? Crifily to be reduced to a fine pow- 
der. It is alfo perfectly infipid and incriorous, diffolviiig in 
the mouthhitoa clammy liquid. 

As the gum arabic is the moft perfeft fpecimen of a gm 
MUCILAGE, all the properties which we (hall now mention 
to belong to it, may beconlidcred us deferiptiveof this whole 
clafs of chemical fubilances. 

The habitudes of this gum with water affords one of 
its mod driking charafters. When added to water, either 
cold or hot, and not Icfs than twice its weight, it diffolves 
flowly, and converts the whole into a very (limy vifeid li- 
quor, Heat does not iroagulate this folution ; a gentle 
cvaporaliou will expel the water and leave the gum as folid 
and brittle as before, equally refoluble in water, and unaltered 
in any of its properties. In this refpeft it differs in a driking 
manner from mod other vegetable fubdances. 


It is entirely infolubfe in ardent fpirit and in oils ; alcohol 
indeed c:'agulatts the watery f luiion, by uniting with the 
water, and ihus pi\c‘pitating the gum. 

Gum mucilage is but liitle inflammable, when put into 
the fire it Twclli* and grows pufly, and foon is reduced into 
a voluminous coal. Didillcd per fe in a retort, it iird yields 
a limpid water, then an acid (whkh was at one time fup- 
poftd to be peculiar, and was teimcd the Pyro-mucous], 
an I afterwards a thick empyreumatic oil, and a little volatile 
alkali, dike all the dillillations of vegetable matter. 

The pure gum mucilages, when dry and fvilid, will remain 
unchanged for any length of time ; the watery folution is 
likewife the lead alterable cf all t’:e vegetable liqirds ; but 
by long keeping it b<.comcs four and grows mouldy on its 
fuifat.*, if it is prevented from drying up by the evaporation 
of its water. 

When nitric acid is dillilhd off gum arabic. or any other 
of the gum mucilages, • peculiar acid is formed, which ap- 
pears as a white p‘/Nvdei ‘ f difficult folution, andh?s hteii 
termed the Mucous acid. It is the fame with the Saccho- 
LACTIC acid of i)viiccle» 

The fpfcific gravity of the folid mucilages, according lo 
Fourcroy, is fri/m \ . j to 1.48. 

The gum which exudes in conCdorable abundance in our 
own climattB from the apricot, plum and cherry trecjr, 
bears the (Irouged rtfemblancc to the gum arabic in alt its 
propertie:., only it ns gnjt-rvdly of a yellower colour, not fo 
brittle, and forms a mucilai{e of foniewhai Itfs tenacity. 

Gum araiue is einpl-Aecl fir a number of valuable pur- 
p'des botli 111 the aits and in medicine. It iv.ay be nfed ei- 
ther to fufptiid in water a number of fubdtipccs which coi.id 
not utherwife be kept equally difl'ufcJ in this liquid, or a.^ 
a nieaiij of glueing logrtluT a variety of articles of light 
work ; and as a clean culourlcfs cement perfeftly eafy of ap^ 
plication, and which may be prepared in a few ininutt'!, 
It is peculiarly vaiiirblc. Gum Seutgal is ufed in very 
large quantities by thf calico printers, to mix the colours 
and the mordants iu block printing ; gum arabic forms the 
bafis of crayons, and the cukes of water colours, and of fevc • 
ral liquid colours, of which common writing ink is a familiar 
cxi\mp1e. 

Ad the gum mucilages are confiderably nutritious ; in the 
countries where the gum arabic and fenegal grow native, 
it fonnsi an important article of food, cither by itfclf, of 
mixed with milk, rice, &c, Haffelquill relates an inltance 
of the traveUeig of a large caravan, who had confumed 
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;ill thtirprovilions in the middle of their Journey, preferving* 
thcmfelves from famine by the gum arabic which they were 
bringing as merchandife. 

In nirdicine, this gum is employed, either by itfcif, or 
as a vehicle for other fubllances. Taken internally, it kai 
been fuppofed to be incraflating arftl obtunding ; qualities, 
however, which probably have little foundation in fad and 
real obfervation. As it is fimply mucilaginous, it will cer- 
tainly in fome degree proteft the parts with which it comes 
iri contad from the effed of any acrid and ilimulating fub« 
llances ; and thus it is of ufe in quieting the tickling cough 
which arifes from any acrimony in the fauces, and in fomc 
cafes it is of material tervicc in diarrhoea and dyfentery* 
It is given either in powder, or diiTolved in water, almond 
milk, &c. ; and one ounce of the gum is fufficient to give a 
coufiderable thicknefs to a pint of liquid, without making it 
too lliniy to drink vi'ith pleafure. 

In pharmacy, gum arabic polTefles the valuable property 
of rendering mifoible with water the balfams, refins, fixed 
oils, and fimilar fubllances, whereby they may be very com- 


modioufly taken in a liquid form. One part of gum arabic 
previoully foftened with water (or an equivalent quantity 
of the mucilage), will thus render four parts of balfam oW 
od foluble in any watery liquid, and will form an uniform 
cmuUion. Even mcrcur)’ may be thus fufpended in water 
by being previoufly rubbed for a confiderable time with gum 
arabic, which preparation is call**d, from the inventor, 
Plenh's folution. The corrofivc ac^ds, when taken internally, 
are belt diluted with a foiution of this gum. 

The pharmaceutical pr«.parauons, in which gum arabic 
enters as a principal ingr^dien , are the JMucilago 
mi Arabici^ a fimple foluin>n of one part .sf the gum^ 
in two parts of boiling water ; the Emuljio Anbica Pi, 
FJ'm. which U gum arab.c ^ilTolvcU in almond milk; the 
Trochifei Arabia^ with gum arabic, llarch and fugar; and 
the Puivis troj^aemtha computus Ph. Lend, a powder made 
of iiagacant*', .,nm arioic, ftarch, aud fugar. Murray Ap* 
par. Med. Fuurcroyy 
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ARKWRIGHT, Sir Richard, in Blo-raphyt an emi- 
nent manufaAurcr, advanced himfclf, by his mechanical in- 
ventions for carding and fpiiimng cotton, from the humble 
ftaiion of a country barber to an immenfc fortune and an 
honorary title. For performing thtie operations of carding 
and fpinning by means of machinery, it was required ci- 
ther that the ufual manoeuvre of the carder fliould be ef- 
feded with fquare cards, or that cylinders, covered with a 
kind of metidlic bruOi work, (lu)uld he made to revolve in 
contad with each other, titlier to card or to llrip, accord- 
ing as the refpedive velocities, diredions, and inclinations 
of ilitir wires might be adj ailed. With regard to fpinning, , 
it would be indifpenfably nectflary, not only that the raw 
material fliould be very nicely prepared, but tlfo that it 
Jhould be regularly drawn out by certain parts rtprffentiiig 
the lingers ami thumbs of the fpinner. The contrivance for 
this purpofc confifted of a certain number of pain of cy. 
linders, each pair revolving in contad with each other. 
Suppofe then that a loofc thread or flightly twilled carding 
of cotton were made to pafs between one pair of cylinders, 
properly adapted with a facing for holding it, and that it 
proceeded from thence to another pair, whofc fiirfaccs re- 
volved with a much greater velocity; it is evident, that 
this quicker revolution would draw out the cottoni and ren- 
der it thinner and longer when it came to be delivered at the 
other fide. Tliis is the operation which the fpinner performs 
with his finger and thumb ; and if the cotton be delivered 
to a fpinnin r apparafus, it will be converted into thread. 
Sir R. Arkwright contrived to make ihefc rotatory carding 
and fpinning engines to move by horfe, by water, and by 
fleam ; and thus, by the faving of labour, and with the ad- 
vantage of a patent monopoly, he was rendered one of the 
mod opulent of our manuradturers. 

After he had quitted his original bufinefs, in the year 
1767, he came to Warrington, where he pnijecled a me- 
chanical contrivance for a kind of perpetual motion, A 
clock-maker of this town, whofc name was John Kay, dif-. 
fuaded him from it, and luc^geilcd that much money might 
be gained by an engine for fpinning cotton, which Kay 
promifed to deferihe. Arkwright at fii ft objefted, but after* 
wards afked Kay, if this engine might be made at a fmall 
cxpcncc? Kay bad btcii employed in making a cotton 


fpinning engine 5 and in the trial for fctliiig afide Ark- 
wright’s patent, it was proved that lie had invented fuch an 
engine, but he had not brought it to perfedion. Kay and 
Aikwriglit applied to Peter Atherton, efq. of Liverpool, 
for afliltance in the conllrudion of fuch an engine, who, 
difcoura.red by the mean appearance of the latter, declined 
ii'idertaking it ; though he f 'on after agreed to lend Kay a 
fmitli and watch-tool n akt-r to prepare the heavier part of 
the engine, whilft Kay himfclf undertook to make the 
cbvk-maker’a part of it, and to inllruft the workmen. In 
this way Arkwright^ firll engine, for which he afterwards 
took out a patent, w.is m ide. Mr. Aikwright foon after 
connedtfl himfclf in partneifliip with Mr. Smalley of Pref- 
ton in Laiicaihire ; but their property failing, they went 
to N.'ttingham, and there, by the aflillance of wealthy in- 
dividuals, ereded a confiderablc cotton mill turned by 
horffs. A perfun of the name of Ilayts had alfo employed 
himfelf in makinf; cylindrical carding enginen. Upon the 
whole, without minutely daailing furiher particulars, it ap- 
peal s that ttie cotton fpinning was no new attempt when Mr. 
Arkwright embarked in it ; but many difficulties occurred 
in bringing it to perffftion. In the hands of Mr. Ark* 
wright, tire carding and fpinning of cotton became a great 
national roannfifture. y\ccordiii^ to his ftatement, it ap* 
pears that the advanctment of it during a period of five 
years, coft him and tliofe that were concerned with him 
12,000/. before they derived from it any prolit ; and it muft 
be allowed, that he alone feenis to have had fufficient per- 
feverance, aflivity, rmd fltill to perfeA a fcheme, in the pro- 
fecution of whicit many others had failed, and to render it 
valuable to himfelf and the public. The merits of fir R. 
Arkwright may be fummed up with obferving, “ that the 
objeft in which he was engaged is of the higheft public 
value ; that though his family were enriched, the benefit* 
which have accrued to the nation, have been incalculably 
greater} and that upon the whole, he is entitled to the re- 
fped and admiration of the world.” He was knighted by 
his prefent m^efty on the 2 2d of December 17S6, on oc- 
cafion of prefenting an addrefs from the high (heriff and 
hvndrcjd oi Wirkfworth ; and died at his works at Cram- 
ford in Derby. 'hire, Angull .^d, 1792. Gen. Biog. 
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ARSENlCf Arjeniqne^ Fr. Arjentk^ Germ. Arfenicum^ 
Lat, A({!MKoy, ApmNovi Theoph. & Diofcorid. 

Arfenic is a brittle acidifiable metal, of a bluifh white colour, 
cafily tarnilhing by expofurc to the air : it does not melt, but 
volatilizes by a gentle heat, exhaling copious white fumesi 
with a peculiar alliaceous or garlic fmcll ; it is foluble in 
nitro*mnriatic acid, and is precipitable in the form of a light 
orange- coloured powder by fulphurct of ammonia, or of a 
green colour by ammoniated copper. 

§ !• Orn of Arfenic. 

Befides the ores of arfenic properly fo called, this metal 
is found in combination with fiiver, copper, iron, lead, co- 
balt, antimony, and lime, all of which will be treated of in 
their proper places : at prefent we lhall confine ourfelves to 
thofe fubftances which, by the common confent of mineralo* 
gills, are arranged as ores of arfenic. 

Sp. I. Native Arfenic. Arftntc ujlacee^ Born. Arfenic 
notify Hauy and Brochant. Gediegener arfenick^ Emmerlingi 
&c. Arfmeum naiivum^ Werner. Arfenicum nigrum^ Cobm* 
turn tejlaceum, Flhgef^eln, Scherbenkoleh, &c. of the older 
writers. 

Its colour when newly broken is a very light lead^grey, 
often paifing into tin white ; but the furface, by a (hort ex* 
pofure to the air, becomes yellow, then blackiih grey, and 
finally almoil black. 


Jt is found generally in mafs, more rarely difleminated ; 
in kidncy-fliaped or clullcred malTcs, or in plates, or carious, 
branched, bearing iinprcflious. See. Externally it is rough 
or grauiilar, with little or no lullrt ; internally it is little 
finning, with a rnciailic liillre. 

Its tVadure is fomcliines fine-grained, uneven, or curved 
lamellar; more raiely radiated or bundled. It flies when 
broken into indeleiminatc blunt-edgod fiagments, fometimes 
in the form of plates. It is alfo frequently compofed of 
diiliiK^ concretions, either tellaceous, concentric, or kiduey- 
fhaped. 

It acquires a polilh by fri^liou, and emits an alliaceous 
odour ; is half-hard and brittle. It rings when llruck by a 
hard body. 

Sp. gr. according to Briffon 5724 . . . j./Sj ; according 
to Kirwan 5.67. 

Before the blow-pipe native arfenic fufes without difficulty, 
giving out a copious, white, alliaceous fume ^ by an increafe 
of heat it takes fire, burns with a bluilh flame, and is wholly 
diflipated. It depofits on the charcoal, or any cold fubilance 
that is prefenttd to it, a white powder, which is oxyd of 
arfenic. 

Native arfenic is not, however, in a ftatc of abfolutc pu- 
rity ; it always contains a fmall and variable proportion of 
iron; befides occallonally a little gold or iilver. 
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TliU mineral is found at Worlich and Joachimfthal, in 
Bolicmia ; at Frcyberg, Annabcrg, Schnccbcrg, Maricnberg, 
and Johungcorgcnftadt, in Saxony ; at Andrealberg, in the 
Hartz ; at Gcifberg and Scltfpach in Carinthia ; at Nagyag 
in Tranlilvania ; and St. Maric-aux-mines in France. It 
occurs only in the veins of primitive mountains : the fub- 
flances that accompany it arc red filvcr, realgar, galena, 
native fdver, fpccular cobalt, kupfernikkcl, fpathofe iron, 
fahlcrz, pyrites, quartz, heavy fpar, calcareous and fluor 
fpars. 

Sp. II. Marcafite or Mifpickel. Arfemcal pyrites Kirw. 
Fcr arJev.lcA Hauy. Arfcnik kies Germ. Arfeniewn mine* 
ralhalum pyrltoceum Werner. 

Of this there are two varieties. 

Var. 1. Common Marcafite. Gemeiner arfeulk lies Germ. 

Its colour where recently fraftured is filvery white, but 
in general its furface is ytllowifli, greyifti, or bluifh, fome- 
times iridefeent. It occurs in mafs, diiTeminated, in veiling, 
or cryllallized. The primitive form of its cryflals is a ftrait 
rhomhoidal prifm, the angles of whofc bafe are 103^ 20' and 
76*^ 40' : the other varieties that have been afeertained are, 
the rliomboidal prifm with dihedral fummits (Fer arfen. di- 
tetraedre of Hauy), and the fame prifm with tetrahedral 
fummits (F. ar. qiiadrioClonal of Hauy). The lateral faces 
alfo fometimes cylindrical, either concave or convex. 
The Taces compoling tlie fidcs of the prifms are always 
fmuoth .ind fhiuing ; tliofe of the fummits are croffed by 
ilri;c. Internally the marcafite is fliining, with a metallic 
luftre. Its frailure is uneven, coarfe, or finely granular ; 
prefenting occafionally columnar or granular difiin^ concre- 
tions. AVhen broken it flies into indeterminate fliarp-cdged 
fragments. It is bard, generally giving fire with ftcel, and 
diffuling an alliaceous odour ; is brittle, but difficult to break. 

Sp. gr. according to Gellert 5.75 ; according to Hauy 
6.52. 

\Vhen expofed to the fi«ime of the blow-pipe on charcoal, 
this mineral gives out a copious arfcnical fumei and melts 
into a globule of brittle iron. Its analyfis has not yet been 
made with any accuracy, and probably the amorphous kind 
at lead, oil account of the variable proportion of it« ingre- 
dients, is incapable of aftbrdiug an cxaClicfult. The con- 
ftituent parts of pure mifpirkel appear to be only arfenic 
and iron, both of them in the metallic (late : hut it is often 
intimately mixed with iron pyrites, and heiice affords an un- 
certain quantity of fulphur; two fpccimeus analyfed by 
Vauquelin, yielded refpei^ively 3^5.8 and 4. per cent, of ar- 
fenic, which feems to (hew that mifpickel and pyrites, 
though, when pure and cryllallized, fufficiently dillinft 
from each other, are fo iiitiniatcly blended by nature, as to 
pafs by infcnfible gradations from one to the other extreme 
of the. feries. In fcvcral of thefe compounds, however, 
minute infpeclion has diicovered fmnll ieparute cubes of py- 
rites ; and thefe intei*mediate varieties are rather to be con- 
fidcredas limplc mixtures than chemical compounds. 

I'lie two fiibllanccs with which marcalile is liable to be 
confounded, are arfcnical cobalt and pyrites. It ditiers from 
tlie li**d in being harder, in liaving a yellowifli white imi, 
while the colour of tlie other is reddifh white, and in the 
form of its cryilals : it is dilhnguilhcd from the latter by 
giving out when llruck an arUnical, iullcad ot a merely 
fulpburcous odour, by the lighter yellow of il.** colour, and 
by its cryltalline forms. 

Marcafite is found in Bohemia, in Saxony, in Silefia, in 
Cornwall, and various other places, cither in veins, or dilfc- 
minated through primitive mountains. The fubllanccs by 
which it is accompanied, are generally tin-llonc and galena ; 
more rarely black blende, Ipathofe it on, copper pyrites, 
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quaraz, fluor and calcareous fpars. At Reichcnbach in 
Silefia, it is found in Terpentine rock. 

Marcafite appears to be made little or no ufe of : the 
more brilliant fpecimens arc occafionally cut and polifhed, 
and made into buttons, and other fmall articles j this is par- 
ticularly the cafe with tome found near Dublin, and caued 
Irifli diamonds. 

Var. 2. Argentiferous marcafite. IVeiJferz Werner. 

Its colour is fimilar to that of the preceding variety, bwt 
%yhcn expofed to the air it tarnlfhes to a deeper yellow. It 
18 rarely found in mafs, being generally diiTeminated oi 
cryllallized in minute acicular four-fided prifms. Externally 
it is fliining, internally little fliining, with a metallic luftre. 
Its fra^liire is fine-grained, uneven, with granular dillindl 
concretions. 

Its other externaLand chemical charafters correfpond WMth 
thofe of the preceding variety, from w*hich it difFers only in 
a variable proportion of filver, from i to 10 per cent. ; and 
for which it is often worked. 

It is found at Freyberg and Braunfdorf in Saxony ; and 
is ufually accompanied with common marcafite, red filver^ 
galena, copper pyrites, &c. 

For the affinities of this mineral with arfenical filver, fe:. 
SILVER, Ores of. 

Sp. HI. Sulphurated arfenic. Raufbgefh Arfmlc 

futfure Hauy. Arfmeum mlneralizaf. rtf^allum Werner. 

This fpecies is divided into two varieties, the red an<f 
yellow. 

Var. I. Realgar. Rothes rattfchgelh Emmerling. Arfen^ 
min. rifigaU. ruhrum Werner Arfenic fuJfure rou^ Hauy. 
Rubine ti* arfenic^ Sattdarac^ Rubtnfchwrfely Sec. 

Its colour is a bright Aurora red, palling on one hand to 
fcarlet-rcd, and on the other to yellow-orange. It is rarely 
found in mafs, more frequently difleminated or invelling, 
and very frequencly cryllallized. The primitive form of its 
cryftals is a long o6lahedi'on, witli fealeiie triangular fares 
cxaftly the fame as fulphur. The two pyramids of the 
odlahedron are fometimes intercepted by a quadrilateral 
prifm (fee Cryftilkgrnphical Plates ^ fg. 94.), forming the 
variety A. f. r. emoufte of Hauy : other varieties arc derived 
from bevilling and truncating the angles of the intervening 
prifm ; and a further variety (fig. 95. ) A. f. r. furcompoie 
of Hauy, is produced by the truncature of all the lolid 
angles of the terminating pyramids. The cryftals arc for the 
moft part fmall, and nut cafy to determine. Their furface 
and iiilerior arc Ihining or much-lhining, with a vitreoue 
lullrc. The frafture is uneven granular, palling into minute 
conchoidal : the fragments are indeterminate, blunt-edgcd. 

It is commonly tranllucid, occafionally remi tianfparent or 
opaque. The colour of its ilreak is orange-yellow. It is 
vciy tender, fomewhat brittle, and eafily broken by ths 
nail. Sp. gr. according to Bergman 3.22. BrilTon 3.3 j. It 
is idio-elcclric acquiring tlie refmous cledricity by frietion. 

Before ilie blowpipe it melts eafily, burns with a blue 
flame, and a fulpluu eons arfenical odour, and is for the moft 
part volatilized. Nitrous acid in a Ihort time deprives it of 
its colour, it has never been accurately analyfed, but coiu 
fills principally of arfenic hnd fulpliur. 

Realgar occui '^ native in the vieiiiity of ^tna and other 
volcanoes, and nVo in the primitive mountains of Germany, 
Hungary, and Swili’erUmd. The fubilances that arc found 
moft frequently to accompany it are native arfenic, red lilver, 
and galena. 

Tiic fubilances that it rcfembles are red filver and ohro- 
mated Jead ; it may, how^ever, be dillinguiflicd from the firft 
by the following properties ; the powder of the filver ore is 
red, that of the lealgar orange-yellow; the fp. gr. of the 
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Clvcr ore is the greiteft, in the proportion of about 5 to 3 } 
bcfidcs which, it does not become clcdric by friftion, nor 
^oes it flame or volatilize by the blowpipe. Chromated lead 
18 more than twice as heavy as realgar, and exhibits the 
fame differences with regard to ekaricity and habitude be- 
fore the blowpipe as red filvcr. 

Native realgar is made no life of ; for the purpofes to 
which the artificial is applied, fee § 12. of this article. 

Var. 2. Orp ment. raufch^^elh^ Emtnerling. jirfen. 

mitt, rjfigal. favtm, Werner, /irjhi. fulf. jimne, Haiiy. 
Auripigmentum^ Lat. 

Its ufual colour is a beautiful lemon-yellow, palling on 
one fide into fulphur.yellow, gold-yellow, or honey v( How, 
and on the other into aurora-red. It is found diffe.niKated, 
and in mafs. It is internally fhining, or very Ihining, with 
a bright waxy luftre, fometimes pafliiig into the metallic. 
Its frafturc is ilraight or curved foliated. In mafa it is rartly 
more than tranflucid at the edges, but in thin plates is femi- 
tranfparcnt. Its ftreak is of the fame colour as the mineral 
itfclf, only a little lighter. It is very tender, foft to the 
touch ; when in plates is flexible though not elaftic. Sp. gr. 
3.4^. It is idio-elcctric, and in its chemical chara^^ers, cor- 
refponds with the preceding variety. It con fills of fulphur 
and arfenic, but the proportions arc not alccrtained with 

accuracy. . vt i* 

Orpiment is found in the Bannat in Natoha and ber- 
via, at Nagyag in Tranfilvaiiia, h'elfobanya in Hungary, &c. 

It appears to be a mincml of late formation, being always 
found in ttiatiform mountains. It is, for the moll part, ac- 
companied by clay, quartz, &c. &c. fometimes by lealgar. 

The cryftalline forms that are ufually attributed to this 
mineral are, upon the authority of Hauy, referred to the 
preceding variety. -n 

Sp. IV. Native oxyd of Arfenic. Arfenic oxvde nattf^ Fr. 
Naturlicher ar/enik kalhf Germ. Ar/micum ochraceum alhmth 


Werner. ^ 

Its colour is fiiow-w'hite or ycllowifh, reddilh, orgreenifh- 
whitc ; it is found alfo of a clear fmoke grey. Its common 
form is that of a fupcrficial earthy friable cruft on the fur- 
face of other minerals : more rarely it occurs in an indurated 
ttatc, either ftalaftitic, cluftered, or cryllallized. The 
erytUls are always extremely minute, fometimes capillary, 
buiidltd, interlaced, or diverging, fometimes in odahedrous, 
fometimes in quadnlateral tables. When cryllallized it ap- 
pears to be iranllucid, but in the earthy Hate it is always 
opaque. It is very tender, often friable, brittle \ has a veiy 
fiiarp difagrceable tafte. Sp. gr. .j.7. 

Before the blowpipe it gives out a wh'te fmoke, and the 
ufual arfenical odour; tlie grev coloured, as being little 
oxydated, burns with a b.nifh flame : after a time, but not 
fo quickly as native arfenic, it is ulmoft wholly volatilized. 
It isfolobk in fiftten times its weiglit of boiling water : and 
appears to be an oxyd of arfenic nearly pure with a variable 
proportion of oxygen. The only fubitmee with which it is 
feabk to be confounded, is the Pharmacolite, or native arfe- 
niat of lime : this latter however is infolnblc in water, ^ and 
kavis a conlidtrablc refidue when txpofed to the blow'- 


pipc. . , r 

The native oxyd of arfenic is a mineral of very rare oc- 
currence 8 it is found at JoacliimlUial in Bohemia, in Saxony, 
Heffe, Traiifilvania, and Hungary, in the vicinity of native 

arfenic, and in certain cobalt mines. 

Lena, verfucb dcr Mineralicn, vol. ii. p. Kirwan’s 

Mineralogy, vol. ». p. 254. Hauy, Trailc dc Mineral, vol. iv. 
£. aao. Weidtnmann, WaDdbueb, flee. p. gCs- Brochaiit, 
de Mineral, vol. ti. p. 435* 


§ 2. and Anahps of Arfenical Om. 

Arfenic is a metal in itftlfof 10 little value, and fo nox* 
ious to other metals by its obflinate adherence to them, ren« 
dcring them brittle, and debafing their colour, that in all 
works in the great, and even in almoft all docimaftical affays, 
every method has been reforted to in order to drive off the 
arfenic, and its proportion to the whole mafs has only been 
vaguely cftiinated by the lofs of weight experienced during 
the prccefs. The methods emplovcd by Bergman, and the 
reft of his contemporaries, for afeertaining the quantity of 
arfenic in any of its ores, arc extremely imperfccl ; even the 
accurate Klaproth coiifefTcs the impcrfe^lions of his mode, 
and till the publication of Mr. Chenevix's Analylis of the 
Arfeniates of Copper and Iron, chcmillry had attained no 
certainty in the rclolution nf this important problem. Wc 
(liall firft mention the advantages and defedts of the methods 
recommended by Bergman, Kirwan, Klaproth, flee, and then 
proceed to the more accurate ones of Chenevix. 

For the dccompofition either of the native arfenic or 
mareq/tity Bergman propofes to treat the pulverized ore with 
four times its weight of nitro-muriatfe acid, formed of one 
part nitrous and one and a half or two parts muriatic acid. 
By this mcnftriuim the filver will be converted into muriated 
filver, and will, together with the filex, remain undiflblved» 
and the arfenic and iron will continue in folution. The 
filtered liquor is to be evaporated to one-fourth of its bulk, 
and poured into water; the arfenic will thus be precipitated, 
and the iron may then be thrown down from the filtered 
liquor by ammonia, flee. Another way of proceeding is 
to boil the ore with dilute nitrous acid, in order to take up 
the filver, copper, &c., while the arfenic will remain behind in 
form of a powder, and may afterwards be taken up by nitro- 
nuiriatic acid, and precipitated from its folution by water. 

To thefe method®, however, it may be objefled, ift. 
That the precipitation of arfenic from its folution in nitro- 
muriatic acid by water, is denied by fome chtmills ; and even 
if the fadl of precipitation be allowed, flill it is certain that 
fome of the arltnic will remain in folution. zdly. Antimony, 
which is often mingltd with arfenical ores, will alfo be 
thrown down by this procefs. 3dly, The Ammonia added 
to the remaining liquor, belides piecipitating the iron, fltc. 
w’ill, by dfflroyiiig the excefs of the nitro muriatic acid, 
allow the arfenic acid to combine with the oxyd of iron, and 
thus induce an error in the proportion of this Idft metal. 
4thly, It appears from the unih rm experitnee of Klaproth, 
and other eiTuntiit chemills, that arfenic is abundantly fo- 
Inble in isitruiis acid, and that the filver precipitated from 
inch a fdution, even by mnriat of foda, coiitains a little 
arfenic; and whichever of the alkalies was afterwards uftd 
for throwing down the copper, flee, the ncceffary ntutraliza- 
tioii of the nitrous acid would alF rd an opp rt unity for the 
arfenic acid to combine with the oxyd of copper. 

The native oxyd of arfenic is propofed by kirwan to be 
dilTolvcd in boiling water, and of courfc its propoition is 
to be eftimtUtd by the lofs of weight luftiiiiK*d by the quan- 
tity of ore thus treated. But (befidcii c»t!ier objections) the 
dark'Coloured varieties of this ore are piohab»y not fuffi- 
cicntly removed from the metallic ttate, to be ihns foluble. 
In 01 tier to decompofc realgar or orpiment^ Bergman dirt As 
long-continued ebullition with mtiriaiic acid, adding, if nc- 
cellnry, a little nitrous, till tlic infolubk refi lue becomes 
grey. The infolnblc powder is the fulphur, and the at fe- 
nical folution is to be decompofed as before mentioned by 
water. In this procefs, however, the fulphur will ftill rc* 
tain fome arfenic ; and a little of the fulphur will be oxyge- 
nated^ and. converted into fulphuric acid. Mr. Kirwan 
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recommends to precipitate the arfenic from the muriatic acid 
b7 zinc ; but» according to Mr* Chenevix, the precipitate 
is not tH^re metallic arfenic, but a mixture of this with arfe* 
niat ot zinc* 

The analyfes in the dry way of the arfenical ores, are flill 
lefs fatisfaaoiyr than thofc in the humid way above recited. 
If fablimation in clofc veffcls is had recourlc to, a very in- 
tenfc and long-continued heat will be infufiicicnt to volatilize 
the whole of the arfenic ; the fulphur will alfo rife at the 
fame time and produce orpiment. Roafting in a muffle, 
provided the ore is mixed with powdered charcoal, is more 
effedlual ; but in this cafe, not only the arfenic,, but the ful- 
phur and antimony, if there happens to be any in the ore, 
will fly off, and the relative properties of thefe mud be efti- 
mated by mere guefs* 

Klaproth's method of treating the unfulphiirated ores 
of arfenic, may be deduced from his aualyfis of the arfenical 
filver ore which confifls of iron, arfenic, filver, and antimony. 
He firft digefts the ore with moderately ftrong nitric acid, 
which takes up the arfenic and the greateft part of the iron 
and fllver : the addition of muriat of foda, throws down the 
fllver in the date of muriat combined with a few atoms of 
arfenic ; and afterwards the arfeniat of iron is thrown 
down by potafh ; this prcci|iitatc being dried and weighed, 
is afterwards roalled with charcoal fevcral times, till it ceafes 
to give out arfenical fumes, and is attra£iable by the magnet : 
from the lofs of weight fuftained by the iron, the quantity 
of arfenic is then eflimated. This however, as Mr. Klaprotfi 
himfelf obferves, is a very imperfeft method. Another way 
pra£lired by him in the analyfls of the arfenical cobalt is, 
to digeft the ore in nitric acid, w'hich oxydates the arfenic 
and takes up the greater part of it, leaving the rcfidual 
iCrfenic foluble in water. The nitrous folution is then eva- 
porated as long as it continues to depofiC oxyd of arfenic, 
and the oxyd of cobalt afterwards feparated by potafh from 
the nitrous acid, is prefumed to be pure becaufe it affords a 
fympathetic ink with muriatic acid. From this humid 
analyfis the cobalt ore is ffaied by Klaproth to contain 54.5 
cobalt, 45 oxyd of arfenic and { fulphur : a fpecitnen how- 
ever, of the fame ore treated in the dry way, affovdid only 
44 cobalt t there was therefore required to make Up the 
100, f fulphur, and 55.5 rc^uUne arfenic. Hence it is 
evident, that little dependence is to be placed on the effima- 
tion of the quantity of arfenic from the bxyd precipitated 
by evaporation of the nitrous folution. 

A more certain mode of afeertaining the proportion of 
arfenic, is furnifhed by Mr. Chenevix. Let the ore, pre- 
vioiifly reduced to extremely fine powder, be digefteef in 
nitric acid fufficient to acidify and take up the whole of 
tnc arfenic ; pour off the clear liquor, and boil on the'refidne 
fomc diffilled water; filter, and add the water to the nitrous 
folution : then neutralize the excefs of acid by potafh, taking 
care however, not to have an excefs of alkali, and add nitrat 
of lead as long as any precipitate wkes place : wafh the 
precipitate in cold water, dry and weigh it. As tlic arfe- 
nical ores often contain fulphur, it is poflible that the arfe- 
iiiat of lead thus procured, may be mixed with a little ful- 
phat of lead : to decide this, digeft the powder in fomc 
warm dilute muriatic or nitrous acid, and the arfeniat of 
lead will be diffolved, leaving die fulphat behind. 100 parts 
arfeniat of lead contain, df arfenic acid 33» oxyd of lead 63, 
water 4f and the 33 parts arKnic acid, deftot<^zi of the 
ibetal* 

f 3. Redu&ton ttf Arfmcal Ores^ and Pr^rathn of 
Crude Ar/emif and White Arfme* 

Arfenic is a fubftance of fuch fmall value and fuch little 
demand, that none of the proper ores of this metal arc 
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wrought in the great ; the whole of the arfenic of commerce 
being prepared in Saxony, by roafting the cobalt ores in the 
manufadure of zaffre. Thefe confift principally of arfenic, 
cobalt, iron, and a little fulphur ; the firft and laft ingre- 
dients of which are 'got rid of by roafting : this procefs, 
inftcad of being performed in the open air, is done in an 
oven, the flue of which runs horizontally to a conftderable 
diftance before it bends upwards. By this contrivance the 
arfenic and fulphur when liberated, arc for the moft part 
depofitcd in the horizontal flue in the form of a grcyifli 
meal, ftreaked with yellow (fuch portions as arc neareft 
the Are being often melted into a femitranfparent cryftalline 
mafs). In this ftate it is called crude arfenic^ or flowers 
of arfenic ; the yellow ftreaks proceed from the fulphur 
uniting with the arfenic into orpiment : and befides this, 
it is alio fiillied with other impurities. 

The white arfinic of commerce is prepared from the crude, 
by mixing this fall with potafli, or as fomc advife, with lime, 
and rc-fubliming. By this the fulphur and other impurities 
unite with the alkali, and the white oxyd is driven over in- 
to a heated receiver, where it melts into a heavy colourlcfs 
tranfparcnt glafs : by expofure for a fliort time to the air 
this glafs becomes opaque, and refcmbles in its fra£lure the 
fineft white china 5 and it is in this ftate that the the white 
arfenic of commerce is found in our fhops and labora- 
tories. 

§ 4. Preparation of Regurtne Arfenic. 

The old method of procuring the regulus of this metal, 
confiftcd in‘ mixing white arfenic uith half its weight of 
black ftux, one fourth part of borax, and the fame propor- 
tion of filings of iron or copper, and fufing the whole as 
quickly as poflible in a crucible. When the whole is grown 
cold, there will be found on breaking the crucible, a mafs of 
impure metallic arfenic, of a bluifh white colour and con- 
fiderable hardnefs and folidity. Probably this regulus was 
originally ihade from the crude arfenic, in which cafe the 
addition of iron or copper was for the purpofe of feparating 
the fulphur according to the procefs mentioned for martiu 
regulus of Antimony. ($. 4.^ — III.) It is obvious, how- 
ever, that the arfenic muft contain a variable proportion of 
iron or copper when prepared according to this method, by 
which its external and chemical charaders will be in fome 
degree modified. Another way of obtaining the rcgulus is 
recommended by Brandt, to which there can be no objec* 
tion, upon xhe fuppofition tliat he ufed crude arfenic. He 
dirc£iB that white arfenic fliould be mingled with foap, and 
fublimcd : in this operation the oil of the foap ferves to 
de-oxydate the arfenic, and the alkali to keep down any por- 
tion of fulphur that may have been comoined witn the 
arfenic. 

The white arfenic of commerce being an almoft entirely 
pure oxyd of arfenic, the reduction of it into the metallic 
ftate is veiy eafily effedied. The moft eligible way is to 
mix the white arfenic with any of the vegetable or animal 
exprefled oils, till it becomes of the confiftence of very fofit 
glazier's putty ; it is then to be made up into round or 
oblong pieces, and dropped into a Florence flalk, fo as not 
to adhere to to the (ides. The flalk with its contents is 
to be put into a fand-bath, or over a gentle charcoal fire, 
and muft be heated very gradually as long as any thick 
vapours proceeding from ue decompofition of the oil are 
given out. When thefe ceafe, the heat may be by degrees 
mcreafed till the bottom of the flafk becomes obfcurely red ; 
ihortly after the ilafk may be withdrawn from the fire, and 
when cold, upon carefully breaking it, there will be found 
in the neck and upper part of the veffel, a cruft of brilliant 
triangular cr)’ftals of oxyd of arfemc, femi-tnuifpatent, and 
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ot a ycllowifli f^vey colour, btlow tlicfo there will be a thick 
amorphous criill of rcguluR, and fome impurities will remain 
at the bottom. I-iCt thefe produfts, except the impurities, 
be feparaU’d from the fragments of glafs, and pulverized 
togetlicr wi‘li half their weight of charcoal ; then re-fublime 
the whole as before, and the infide of the will he found 
lined with a crulland crylhils of pure and fbining rrgiilus of 
arftnic. It is ncccfi'uy that thefe fublirriatioiis fliould be 
performed under a chimney, for the vapours that arife are 
intolerably felitl, and extrciiuly luixious to tlie operator, 
briiu^/ing on in a very (hort time hcadach, fickncfs, and other 
unpleafant fymproms. IiiiUad of a flaHe, au earthen retort 
may be made ufe of. 

§ 5 . External CLiratlrrs mid fihy fical Properties of 
Regulinc /If tine, 

n^hc frcfii furface of arfcnic is of a bright metallic luftre, 
and a colour between that of tin and lead j it very foon how- 
ever tarnidios by expofnre to the air, becoming fii rt ycliovvifh, 
then flightiy inidefeent, aiul laiHy black, in which Hate it 
is alfo wholly dcllitutc of lurtre. Its fra(Slure is coinpa 61 , 
granular ; in hardnefs it is faid to be fuperior to copper, 
but it is fo brittle as to be reducible to power in a common 
mortar without any difficulty, being neither malleable nor 
duftile. It cryftallizes in oAahedrons or tetrahedral pyra- 
mids. Sp. gr. = S.31, according to Bergman, but accord- 
ing to Morveau = 5.76. It is not fcniiblc to the fmell 
when cold, yet the ftngers after handling it acquite a flight 
metallic odour: it is manifeft to the tafte by a peculiar 
acrid flavour ; and when heated to volatilization, diuufes a 
chara6ieri(lic fetid alliaceous odour. 

6 . Chemical Properties of ReguIUu Arfentc* 

1 . Effe^s of Heat. 

Arfenic, when pure, is incapable of being melted : in clofe 
vefTcls, at a heat inferior to that required for the fufion of 
tin, it begins to be volatilized, and is depodtedin the upper 
and cooltr parts unchanged in form or properties. 

II. EfFeds of Atmofpheric Air. 

Atmofpheric air at the ufual temperature is flowly decom- 
pofed by this metal, the oxygenous part uniting with the 
arfenic, and converting it into a black oxyd, as mentioned 
{5. At a heat of about 330® Eahr. the abforption of 
oxygen is much more rapid, and vapours of white oxyd 
begin to be vifible, diffiifing the well-known arfenical fmell. 
At a higher temperature combuftion takes place : thus if 
a vcfTcl or crucible be made red hot, and a few pieces of 
arfenic be thrown in, a denfe white vapour is immediately 
produced, accompanied by a light blue flame, and in a fhort 
time the whole is volatilized. This expenment mud not 
be made in an iron ladle, for the affinity between the two 
metals at this temperature is fo great, that artificial mifpickcl 
would be formed, and this being very fufible, the ladle 
would in all probability be found after the procefs to have 
a hole in its bottom. 

III. Effeas of Water. 

Although arfcnic is fo cafily oxydable, yet it does not 
appear capable of dccompofing water • at lead it may be 
immerfed in it for any length of time will .out exhibiting 
any flgns of foliition or oxydation ; and a covering of tins 
fluid or of alcohol is the bed prefervative of arfenic againd 
the tamifhing efle^f of the air. 

IV. Arfcnic with Hydrogen. 

This combination was fird difeovered by •Scbcele. If 
liquid arfenic acid be digeded with zinc, an tflervefcence 
will take place ; and the air thus difengaged, has a dfung 
arfenical fmell, inflames by the contaA of a candle, and 
depofits on the infide of the veffel a brown film, which is 
metallic arfenic. The fame gas may alfo be produced by 


granulated zinc in a hot folution of white arfenic in water 
with the addition of a little muriatic acid. 

V. Arfcnic with Phofphorns. 

The union of thefe two fubdances was lird obferved by 
Margraaff, whofc experiments ijavc fincc been repeated and 
confirmed by Pelletier. Phofphuret ot arfcnic may be made 
in four ways: firll, by fublimiiig equal paits of phofphorus 
and white oxyd of arfenic, in which cafe, part of the phof- 
phorus will be acidified at the cxpcncc of trie metallic oxyd, 
while the remainder will combine with the metallic baft « 
lecoi'dly, by fubliming equal parts of regulinc arfenic and 
phofphoruR ; thirdly and fourlhly, in the hu.mid w^ay, by 
digeding equal parts of arfcnic or oxyd of ailenic, with the 
fame weight of phofphotiis in a flaflc, oonlaining a fufiicient 
quantity of water. Phofphoratcd arfenic is volatilizahlc in 
a moderate heat, and is combufiible on hot coals, exhaling 
the mixed odour of its irgrcdicnits. 

VI. Arfcnic with Sulphur. 

Both arfenic, and the white oxyd, are capable of uniting 
wdth fulphur, by means of fufion or fublimation, into a 
beautiful red or yellow mafs, according to the relative 
proportion of the ingredients. The yellow is called orpu 
ment, or yellow fulphurel of arfcnic, the red, real^ar^ or 
red fulphnret. The fulphur in the realgar is to the arftnic 
as I to 4 nearly, but in the orpiment as i to 9 or 10. Both 
prepai*ations are fufible, and may be fublimtd, but the 
realgar is more eafily melted, and with care may be ob- 
tained quite tranfpareiU, and of a bright red colour ; hence 
it has been called arfenical ruhy^ ruhtne d*arfenique. The fp. 
grav, of orpiment, according to Bergman, is = ; but 

of realgar, only = 3.22 

Thefe two fubilancts have not been very accurately ana- 
lyfed, and it is the opinion of feveral modern chemiils, 
that the differences between them does not depend fo much 
on the proportions of the fulphur and arfcnic, as on the 
prefence of oxygen in the one, and its abfence from the 
other. Hence they call realgar, fulphurct of arfenic, and 
orpiment, fulphurated oxyd of arfcnic. This appears, how- 
ever, to be a miflake, for the following rcalbns 3 wdicn 
regulus of arfenic and fulphur arc mixed together, the com- 
bination takes place without the extrication of any gas, but 
when the oxyd of arfenic is fubllitutcd for the icgulus, at 
the moment of combination a portion of the fulphur is 
converted into fulphnreous acid gas, probably on account 
of a decoinpofitiou of the metHlIic oxyd. Fuither, it ap- 
pears from the experiments of Bucqiict, that by continued 
fufion orpiment is made of a much redder colour than be- 
fore, by the volatilization of part of its arfcnic ; and as 
an additional confirmation, it may be mentioned that realgar, 
being fublimed either with metallic or oxydated arfcnic, is 
converted into orpiment. 

It is not very eafy to make realgar by the dire^l com- 
bination of its elements whtn they are in a iiate of purity, 
on account of the cafe with which they are volatilized be- 
fore they have experienced the proper deg-cc of heat. In 
Saxony, where orpiment and realgar arc made in large 
quantities, the method is to fill an oven like that dei’cribtd 
in § with mifpickel and iron pyrites, proportioning the 
quantities of each according as realgar or orpiment is in- 
tended to be produced. Now the fulphur and arfenic 
contained in thefe minerals bein^ in natural combination 
with iron, require for their fublimation a degree of heat 
far greater than they could fuiiain w ithout volatilization, 
if they were pure. 

Sulphurated arfenic is wholly infoluble in water or alcohol. 
The nitrous and nitro •muriatic acids, efpecially when warm, 
take up the arfenic from the fulphur. The former of thefe. 
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however, except it is fo concentrated as to a<!l on the ful* 
phur alfo, only takes up a portion of the arfcnic from real- 
gar, converting it into orpiment. Nitro-muriatic acid 
completely decompofes both the red and yellow fulphuret, 
hepatic gas being given out at the fame lime, a circum- 
llance worthy of notice, as aftbrding addilional Rrcngtli to 
to the opinion meulioned above, c.niccniing die date of 
the metal in thefe compounds. .Sulphurct ol arfenic is alfo 
decompofed by diihllr'tion with iv.o or three limes its 
weight of corvrjive muriat of Mkrcuky, the aeid and 
oxygen of the mcicurial fait uniting with the arfcnic into 
coiTofive muriat of arfenic, 7. ; and the inetalhc b.sfe witli 
the fulphur of the orpiment, forming cinnabar. 

In ihc dry way, llie lixed alkalies dcconipofe orpiment 
into alkaline lulphuiet and aifenic, which latter lublimcs ; but 
if the alkali is in excels, the ai feuic is in pait dttaiued as well 
as the fulplinr. A iblntion of eaultic potalh in water being 
boiled with orpimcnl, difl'olvcj it completely, but by the 
addition of an acid a yellow precipitate is t frown down, 
wdiich probably is a hyilrojuiphnrtt oj tnfwc. Quicklime 
and orpiment allu unite by boiling in water, forming an 
arfenio-fulpl uret of lime, which is foinctimcs employed as 
a WlNL-T£;»T. 

VII. Arfenic with Oils. 

Any of the expreflld oils being triiiuMted widi arfenic, 
gradually diffolve it, and tliiis acquire a dark colour and 
coiifillcnce like falve. 

VI II. Alloys of Arfenic. 

Arfcnic unites with alinolt all the metals, dcbafing the 
red and yellow ones, and dedroying in a great mcafurc 
tlie luilre of all tlie red, except tin. It renders thofe which 
are malleable and diidtile, Ljittle, and for the nioll part 
increafes their fafibility and hardnefs. I 'or other particulars, 
fee the fevci'ul metals. 

^ 7. Salts of jirfme^ 

1. Regulinc arfeme is acted upon by fulpliuric acid wlien 

concenUatvd and ulVidcd by heat : if the operation be per- 
formed in a retort with a pneumatic apparatus, there will 
be produced a conddcrahle quautjty of lulphureows acid gas, 
and fulphur will fublimc iuio the neck of the veflel. What 
remains behind is a white inafs iimilar to ox yd of arfcnic, 
but combined with a little id. By tiic addition of a frcih 
portion of lulphuric acid, the lulphated ox yd is taken up ; 
as the liquor cooh, however, a precipitation of cryftalline 
grains happetiH, and thefe arc fulphat (f Tliis fait 

is much lets foluble in water than white inleiucj when ex- 
pofed to the flame of a blow pipe, it fufes and begins to 
emit an arfcnicai fmoke, but requires a mueli longer time 
for its volatilization than the liirqde oxyd. By repeated co- 
hebation with fulphuric acid, the arfenic approaches more 
and more to the nature of arfenic acid, but always conti- 
nues in fome degree fulphated. 

2. Nitric acid when hot is readily decompofed upon re- 
guline arfcnic, being itfclf changed into nitrous gas, and 
the metal becoming oxydated. An addition of dilute ni- 
trous acid at a boiling icmpcraturc cfTcdls a complete folu- 
tion of the refidual oxyd, and the liquor by evaporation and 
tooling may be brought to dcpofit cryftals of uitrat of ar~ 
fink* This fait beiug abftractcd with frefh nitrous acid, 
and then heated red hot, is wholly converted into arfenic 
acid. Nitrat of arfcnic is fpaiingly foluble in water, and 
with the blow.pipc exhibits nearly the fame appearances as 
the preceding fait. 

3. Oxyinuriatic acid when pure, frcfli made, and in the 
foitn of gas, excrcifes a very powerful aAion on the reguhts 
of arfenic, and exhibits a very liriking and beautiful appear- 
ance. For this purpofei kt a conunon fix or eight ounce 


phial be filled in the ufiial way with oxymuriatic acid gas 
procured from fall, mangcmcfe, and fulphuric acid, in order 
to have the acid as dry as poflible (for the further fccuring 
of which, tlic gas produced about the middle of the pro- 
cefs is the bcR) ; Ilop the mouth of the phial with a cork, 
and place it on a table in an upright pofition ; then reduce 
fome rcgiil me arfcnic to a fine powder, and cautioufly open- 
ing the mouth of the pliial, (hake in from the cud of a knife, 
or ill any other convenient way, a little of the powder. As 
foon as it comes in contiuH with the gas, a white vapour 
will firil appear, and w'ill Iso immediately followed by igni- 
tion of the rnctal, which in its paflage to the bottom of 
the veflel will appear like a dream of fire : this pheno- 
menon may be repealed with fucceflive portions of powder 
till the acid is almoll wholly decompofed. At the bottom 
will he found a white aciduKuis oxyd of iirfcnic. Licp.iid 
oxymuriulic acid alfo is capable of diflblving regulinc arfe- 
nic ; but during this procefs, the metal being oxygenated 
at the cxpence of tlie acid, the refult is muriat of arfenic. 

4. Arfcnic acid has a remarkable a£lion on its ovmi regu- 
lus, though the tw'o appear to he incnpablc of combining 
into a proper fait. If the regiilus is digclted with the acid, 
ito fiirfacc becomes fliortly covered with a white powder, 
wdiich is oxyd of arfenic. If the acid is kept in a date* of 
fufion in a retort, and fmall pieces of the regiilus arc 
dn'ppcd in from time to time, an inflammation and fnhlima- 
tio.i of white iufenic will be manifcfl at each addition. 
Hcncc it appears that the oxygen of the arfcnic acid quits 
this to combine w*ith the regiilus, till an equilibrium is jiro- 
duetd by the one and the olLer being brought to a com- 
mon dute of oxyihition. 

'J'hefc arc all the acids which are known to upon rc- 
guline arfcnic, many others however are capable of com- 
bining wnth this metal, when previonfly brought to the date 
of white oxyd. The falts hence refulting wc lhall proceed 
to mention. 

I. Muriatic acid when boiling w'ill take up one third of 
its weight of oxyd of arfenic ; a faline precipitate is produced 
by cooling, and if this is managed gradually, there arc 
formed Ipiciilar cry Hals of muriat of aifnik* This lah fub- 
linics w’holly if expofed in clofe vcffels to a moderate lical. 
Before the blow-pipe on charcoal it is decompofed in part 
and flics off, giving out at the fame time the dillingiiifliing 
odour of the metal. It is foluble, though fparingly, in 
warm w'ater, and the foliuion is decompofablc by an alkali, 
the oxyd of arfcnic being thrown downi. 

Very dry and concentrated muriatic acid, or oxymuriatic 
acid, arc capable of uniting with a much larger proportion 
of oxyd of arfcnic than the liquid muriatic acid. This 
combination is called littLr of arfnicj and is thus prepared : 
take one part of white arfcnic, one and a half of red cal- 
cined fulphat of iron, and three parts of common fait ; mix 
them accurately in a mortar, and diilil in a glafs retort fmtn 
a fand bath. When the heat has been gratlually raifed fa 
as to make the bottom of the retort nearly red, and nothing 
more comes over, the procefs is finiOied, and there will be 
found in the receiver twd diilin^ liquors of different con- 
fillcnce. The lower one is of a clear iron brow n colour, 
and is called butter of arfenic ; the fupeniaiant liquor Us 
thinner, of a lighter yellowilh colour, suid is called oH of 
arfcnic. 

Butter of arfenic is a heavy thick liquor, cxcc&ivcly 
corroiivc and poifonous ; on expofure to the air it cxh*alefl 
a deiife white ruffocating vapour deliquiates, becomes 
turbid,' and finally is fpontaneoufly decompofed. Wl.dn, 
inilead of this gradual abforpcicAi of moiffure, it is dircAly 
mingled with water, an immediate turbidnefs and prccipi- 
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tition enfues of a white pulverulent matter, which wi for- 
merly taken for pure oxyd of arfcnic ; it Hill, however, as 
ill the calc with limilar mcial ic precipitules, retains a portion 
of acid ; for by hAitinir in a clofe vertVl, a little butter of 
arfenic is fublimed. L^uid miniatic acid unites very fpar- 
itr^ly and imperft^ly with the buttei ; and if confiderably 
diluted with water, producja a decompolition jull in the 
fame manner as pure water does 

Oil of arfenic, like the preceding;, is decompofed in part 
by water or alcohoh but the precipitate is not fc> copious : 
it mingles with liquid muriatic acid without producing any 
tuibidiirfs. The addition of a carbonated alkali is followed 
by efFervefccrice and the precipitation of oxyd of arfenic. 
By fpontaneons evaporation it yields cryftals of muriated 
arfenic, and a flight cfllorcfcence of white oxyd of arfenic. 

There are Icvcral other methods of obtaining the butter 
and oil of arfenic : thus, if or^iment is diftilled with two 
or three times its weight of corrofive fnblimate, the fulphiir 
of the former unites with the mercury of the latter, and pro- 
duces cinnabar, while the arfcnic of tlie former combines 
with the oxygen and acid of the lAtler into the oil and 
butter of arfenic. It is remarkable, however, that corrofive 
fubliinatc is not dccompofablc by oxyd of arfenic) for when 
the two are dillillcd together, what, ver be their relative 
proportions, the mercurial fait rifes unchanged. Indeed the 
luperiority in affinity of muriatic acid for oxyd of mercury 
over oxyd of arfenic is Hill more (Irikingly fhtwn by dilUlling 
butter of arfenic with oxyd of mercury, in w'hich cafe a little 
butter of arfenic firft comes over, then corrolii c luhlimaie, 
and finally white arfenic. If, however, r^^uVme is 

diftillcd with corrofive fublimaie, the produce is biutcr of 
arfenic, a little calomel, and running mercury. 

Although the falts of arfcnic have not yet received 
that notice from chemifls to which they are eniitkd, ftill 
there has arifen fome difierence of opinion refpcdmg the 
combinations of this metal with muriatic acid, fome aifeuing 
the butter of arfcnic to be a proper oxymuriat, wndc 
others confider it as fcircely differing, except in concentra- 
tion, from the muriat. From a careful collation of the 
fcattered fads relative to this fubje6l, it appears that there 
is no fuch fait as oxymuriat of arfenic, but that muriatic 
acid, when its affinities are not weakened by water, will take 
up a large quantity of arfenical oxyd forming the butter 
of arfenic ; that when by the gradual or fudden addition of 
water, the affinities of this Utter are brought into action, an 
unequal partition of the acid and oxyd lakes place into a 
foluble and infoluble muriat of arfenic. Hence we have three 
diftin£t falts compofed of muriatic acid and oxyd of arfenic : 
firft, muriat of arfenic with the fmalleit proportion of me- 
tallic oxyd, this is foluble in w’ater and cryftallizable by 
cooling, and it alfo capable of fublimation without de- 
compofition ; fecondly, muriat of arfenic with a l<i**ger pro- 
portion of metallic oxyd (butter of arfenic;, decompouble 
by wateri and not cryftallizable y thirdly, muriat of arfenic 
fuperlaturatfd with the oxyd, infoluble in water, decam- 
pofable by fublimation. 

s. OxyiBuriatic acid gas paffed into an aqueous folution 
of white arfenic, isitfelf decompofed into muriatic acid; and 
by diftilUtion, the water and muriatic acid being drawn oflf, 
there remains in the retort foltd arfenic acid. It is there- 
fore probable that the three muriats of arfenic juft mentioned 
differ from each other in the degree of oxygenation of the 
metallic bafe, as well as in the proportions of it that they 
contain ; the firft being the leaft oxygenated, and the latter 
the moft fo. 

g. Fluoric acid, when digefted on white oxyd of arfenic, 
diffolves a fmall proportion ; and by evaporation and coaling, 


a granular cryftalline fait is obtained, fiuat of arfniey the 
properties of which have not been examined into. 

4. Boracic acid combines with white arfenic by means of 
water, but not in the dry way, acco-ding to Reiifs. Fqnal 
parts of the oxyd and acid digelled together in a little 
water are entirely dilTc Ived, and afforded by evaporation bo* 
rat of arfenic in powder or fpicnlar crytlals. 

5. Pnofphoric acid and oxvd of arfenic combine together 
without diffienhy in the nioiil way, and aifoid cryftnU cf 
phofphat of arfenic. This fait is very fparingly foluble in 
water, and is decumpofable by heat, the oxyd being volati- 
lized. 

6. Liquid tartareous acid unites by digeftion with oxyd 
of arfenic into a cryftallizahfe fait, tarlrlte of arfenic ; tnc 
properties of which are as yet in a great meafure unknown. 

7. Oxalic acid diflblves very eaiily a conlidcrable quan- 
tity of white arfenic. and the liquor affords by evaporation 
and cooling prifmatic cryllah of oKalat of arfcnic: thefc 
melt in a very gentle heat, the water of cryllalhzalion with 
part of the acid is evaporated, and the refiduc affords a 
very beautiful faline vegetation. Oxalat of aifenic is foluble 
both in water and alcohol, changes the colour of litmus 
tindlure to red, and ftiblimes at a moderate heat ; but at a 
higher temperature the acid is firft dcllroytd and flies off, 
leaving behind the metallic oxyd. 

8. Acetous acid, by long digeftion and boiling with white 
arfcnic, diffolvcs a fmall proportion, and depofuB by cooling 
and evaporation fmall cryftalline grains of acetite of arfenic^ 
which arc very fparingly foluble in water. 

9. Benzoic acid, according to Trommfdorff, diflblves 
white arfenic with confidqriblc cafe, and forms with it hen* 
%oat of arfenic. This fi^lt appears in the form of long flcn- 
i T radMling cryftah, poffeifed of a four and pungent taftc, 
wMch ^ffloicfce in the air, arc very foluble in boiling water, 
a«ui jii * m for the moft part depofited by cooling. 

10. Ca:iiit of arfenic is not known, nor does the tindlure 
of galls, according to the chemifts of Dijon, produce any 
alteration in a fciiition of white aifeivc. 

11. Prufliat of priinfh. when pure, throws down an 
abundant white pr<*cipiirite irom the folution cf arfcnic in 
muriatic acid. This ib Iblubi.: in a large quantity of water, 
and by fublimatio»i in the dry way affords a fcmi-tranfpa- 
rent mafs ; it is probably a prujpnt of arfmicy but has been 
as yet fcarcely at all examined. 

The order of affinity of the various acids for oxyd of 
arfeiiic is not afeertained with much certainty. Bergman 
arranges them in the following order ; muriatic, oxalic 
fulphiirtc, nitric, tartareous, phofphoric, fluoric, aricnic 
acetous, and pruflic acids. 

I 8. X)xyd of Arfenicy or Arfenioui Acid. 

Oxyd of arfenic is prepared in the large waf accoiding to 
the method already mentioned in Ji 3. When pure, it is of 
an opaque white colour; or if rtrently fufe.K is perfe^Hy 
trar.rpareat and colouriefs. It cryftailizes ai tificially (§ 4.) iu 
three-fided pyramids, the vertical angle nf which is generally 
deeply truncated ; the cryttals arc trani! 'irent, of a dilute 
wine yellow colour, and not liable to efflorefee cr become 
opaque by expofure to the air, probably owing to (heir con- 
taining rather a i'maller proportion of oxygen than the 
white arfenic of the (hops. The fp. grav. of the fufed 
oxyd is about ss 5. It flowly excites upon the tongue a 
fweetifli acid taftt. It is the moft volatile of any of the 
metallic oxyds, rifing at Fahr. 

Pure water ar the temperature of 6.* Fahr. will diflblve 
about of its weight of this oxyd, but when boiling it 
takes up greater part of which it retains even 

whea cold; by evaporatioa» bowever, auuute three-fided 
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pyramidal cryftala are depofited : tlie folution is clear and 
colourlefs* Alcohol alfo^ when boiling» will diflolve about 
rw weight. 

From many of its properties white arfcnic fccms to hold 
a kind of middle place between an acid and metallic oxyd : 
thus, it reddens litmus tindure, but turns fyrup of violets 
green, and its aqueous folution is incapable of caufing an 
eifervefcence in the carbonated alkalies and earths. In the 
new chemical nomenclature it is denominated the arfenious 
acid (acide arfenieux, Fr.) j and the falls that arc formed by 
its combination with the alkalies, earths, and metals, are 
called arfenites. Thefe feem to hold nearly the fame relation 
to arfenic acid and the arfeniats, as fulphureuus acid and 
the fulphites do to fulpluiric acid and the fulphata. 

The white oxyd of arfenic is ealily deoxygenated by car- 
bonaceous matter, by hydrogen, phofphorus, and fulpluir, 
as already mentioned J 4. and 6. and is reduced to the Hate 
of regulinc arfenic : its habitudes with acids arc deferibed 
J 7* 

If to a folution of cauflic pot-afh in water there he added 
fome finely powdered oxyd of arfenic, the whole combines 
together by a boiling heat into a thick, vifeid, fcarcely fluid 
iratter, of a brown colour, and naufeous fmell, which as 
it cools becomes folid and brittle. Tins was named by 
Macqiier ii-ver of arfenic^ and in the modern fyllem has ob- 
tained the name of arfenite of pot*aJh, By long expofure to 
the air it becomes deliqiiefcent ; it is readily foluble in 
water, but has not been made to cryllallize. 'rhe addition 
of any of the acids to the folution caufes an im’nediate dc- 
compofition with a copious precipitation of oxyd. Cauftic 
foda produces the fame general efFcdts on white arfcnic as 
potam, except that the arfenite of foda is cryftalHzable. 
Either of tlicfc falts, on being fubjcAcd to a full red heat, 
18 decompofed ; the greater part of the arfcnic being vola- 
tilized in the form of a denfe white fmoke, while the re- 
mainder in the Hate of arfmiic acid remains united with an 
cxcefs of alkali. In the dry way, the white oxyd of arfenic 
melts together with the fixed alkalies, forming t mafs not 
€afily decompofable by heat. According to Beigrruin, pot- 
alh is capable of thus fixing twice its weight of the oxyd, 
and foda three times its weight of the fame. 

When ammoniacal gas is palTed two or three times over 
heated white arfenic, the two fubllances contrad at length 
fo intimate an union as to bear even fiifion without fepa- 
rating from each other. In the moift way alfo, a combina- 
tion takes place by the help of a gentle heat, which differs 
effcntially from the common liver of arfenic in that the 
acids occafion no precipitation. Thefe are fingultr fadls, 
and the nature of the arfenite of ammonia is well worthy of 
more notice from cliemiffs than it has yet obtained. 

Quicklime and barytes combine by fufion with oxyd of 
arfcnic into a vitreous mafs which however becomes milky 
and opaque by the continued a£lion of the air. In the 
inoift way, lime and white arfcnic being boiled together form 
a foluble arfenite of lime, from which a precipitate is thrown 
down on the addition of an acid. Neither magnefia, alu- 
mine, nor filex, appear capable of uniting with white arfenic 
by fufion, but all or any of them combine into an cafily fu- 
fihle mafs with the arfenites of potuHi, foda, lime, or ba- 
rytes. 

But few of the neutral falts have been examined with rc- 
fpc6t to their adion on arfciiious acid. The nitrats of pot- 
afh and foda arc decompofed by heat converting the arfe- 
nious into the arfenic acid, and therefore this conihi nation 
is treated of in J 10 {Arfeniats)* The effed of white ar- 
fenic on acetite of potafh, as recorded by Cadet and the 
ether chemifts of the academy of Dijoiu is however too 


remarkable to be omitted. A mixture of thefe two fub- 
ilances being fubjeded to diflillation, there firft paffed over 
a limpid liquor, with a flight arfenical fmell ; this changed 
the colour of fyrup of violets red, caufed an cffervcfccncc 
in a folution of carbonated alkali, and rendered the litpior 
turbid. The next produd was of a reddifli bi*own colour, 
and filled the receiver with a denfe vapour of a moll ptlli- 
ferous odour, different however from that of arfenic } towards 
the end of the procefs, fome regulinc arfenic fublimed into 
the neck of the retort. The red liquor, after being con- 
fined for three weeks in a flopped phial, was flill fmoking, 
and exhaled the fame dcteflable (mell as before ; it pro- 
duced no alteration in fyrup of violets, and occalioned only 
a very feeble effervefccnce with carbonated alkali, depofit* 
ing a little flucculent fediment : it occafioned a white preci- 
pitate in a folution of corrofivc fubllmatc : being poured 
into a filter, in order to feparate a ycllowilh thick portion 
that had feparated from the refl, fcarcely had a few dritps 
paffed through, than a denfe fuffocating vapour began to 
rife accompanied hy an ebullition at the edges of the veffti, 
and immediately followed by a beautiful role -coloured flame 
which Jailed fevcral feconds. 

A hot folution of arfenious acid diffolvcs fome of the 
metals, particularly copper, iron, and zinc ; the differences^ 
however, between thefe and the metallic arfeniats have not 
been afccrlaiiicd with much accuracy. 

§ 9. Arfenic Acid* 

The properties of the white oxyd of arfenic that have 
been mentioned in the preceding fe^lions, efpecially its 
ready folubility in water, its cryilallizability, its taftc, its 
habitudes with alkalies and metals, had long induced a 
fufpicion of its falinc nature. This fufpicion was at lengtli 
confirmed by Macqiier^s valuable difeovery of the arfenical 
neutral fait (fee $ 10. arfenlat of potafli) ; but chemifls flill 
continued ignorant of the prccife difference between this 
and the liver of arfenic (arfenite of potafh). The illuflrious 
Schcele firfl cleared up this difficulty, and pointed out a 
method of procuring the arfenic acid in a flate of purity* 
and uncombined with any other fubftances. Bergman’s 
valuable effay on the fame fubjedl confirmed and extended 
the difeoveries of his friend and counti^man, and more recent 
experiments have brought new acceluons to the interefting 
fai^s already colledled. Arfenic, as well as fome others oF 
the metallic bodies, is not only a combuilible and oxydablc* 
but alfo an acidifiablc bafe. It combines with oxygen, in at 
leaft three different proportions. By the fpontaneous adlion 
of air and moiflure, at the ufual temperature, it is converted 
into the black oxyd, an additional portion of oxygen is ab- 
forbed by the affillancc of a higher neat, forming the white 
oxyd; and by means, that we mall now proceed to mention* 
this latter fubflance may be faturated with oxygen forming 
a perfedl acid; tlie arfenkaU or Arsenic {acidum arfenU 
cieuwf or arfenich acide arfeniaue^ arfenikfaure)* 

The method recommended by Scheclc for the preparation 
of arfenic acid is the following. — Take two parts of finely 
powdered white oxyd of arfenic, and put it into a capacious 
tubulated retort, adapted to a quilled receiver, and fixed pro- 
perly in a fand-bath ; then pour in feven parts, by weight* 
of llrong and pure muriatic acid, and dole the tubulure of 
the retort ; as foon as the acid begins to boil, the arfenic 
will be rapidly diflblvcd ; and when the whole is taken up* 
lower the heat, and add three and a half parts of concen- 
trated nitric acid ; the mixture will immediately begin to 
foam, and there will be a copious extrication of nitrous gas. 
The diflillation is, at the fame time, to be proceeding m- 
dually, as long as any nitrous gas is produced; ancTvi^eii 
this ceafes, one part more of the white oxyd of arfenic may 
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be added. At foon as this is dlfTolved^ pour into the retort 
one and a half part of nitric acid, and a frefh effervercence 
avili take place. The whole is now to be diftilled to dry- 
nefs, and towards the end of the procefs the heat muil be 
increafed till the bottom of the retort > with its contents, is 
red hot. After the retort is grown cold, it muft be broken, 
and there will be found within it a faliiic mafs, which is thr 
dry arKiiic acid. In order to preferve it in its folid Hate, 
it muft be put into a dry, wcll-ifoppcd phial. The propc. • 
lion of acid thus procured is nearly equal to the quantity of 
white oxyd employed. The ufe of the muriatic a'-M in this 
procefs, feems to be merely that of a folvent of tlic arfenical 
oxyd, which is thus prefented to the aAion of tlv nitiic 
acid in a Hate of extreme divifion. The ivitric acio is de* 
compofed into nitrons gas and oxygen, the former of wlacli 
Hies away, while the latter is expended in acidifying the 
oxyd ; by the fubrequeiit red heat, the iindecompofcd 
refidue of the nitrous acid, and the muriatic, are driven 
off in vaptHir, and the aiTeuic acid alone remains behind. 
It generally, however, corrodes the retort, in a greater or 
lefs degree ; when e the folid acid, when boiled with water, 
leaves a fmull infoluble rcfidue of filex. 

Bergman’s method is to make a hot faturated foliition of 
white arfenic in muiiatic acid, and to add double the weight 
of nitric acid. The effervefcence, however, thus occafioned, 
is fo great, that a confidcrablc portion of the arfenic is diiven 
over in the form of butter of arfenic, and the conrequent 
produce of acid is much diminiflicd, the quantity ot this 
being cHimated by Bergman at no more than 8o per cent, 
of the white oxyd employed. Weigleb, by repeatedly re- 
turning the liquor colledted in the receiver into the retort 
with frefh nitric acid, obtained 112| of atf^nic acid for 
every 100 of oxyd. 

Another method of preparing this acid, alfo difeovered 
by Scheele, is by oxy muriatic acid. Take one part finely 
pulverized black oxyd of manganefe, and mix it with three 
parts of Hrong muriatic acid, in a tubulated retort, large 
enough to allow ample room for the eifervefcence of the 
mafi : the retort is to be connefted, in the ufual way, with 
a Woulfe’s apparatus,' containing the white oxyd of arfenic 
and a little water. By a gentle heat, the muriatic acid 
becomes oxygenated at the expence of the manganefe, and 
afies into the bottles in the form of oxymuriatic acid ; 
ere it is dccompofed, and the muriatic acid unites with 
part of the arfenic, while the oxygen combines with another 
portion. This compound liquor being then gently diHilled 
to drynefs, and towards the end of the proctfs the bottom 
of the retort being made red hot, a complete feparatioii will 
take place; in the receiver there will be found diHilled 
muriat, or butter of arfenic, and the faline mafs remaining in 
the retort is arfenic acid. 

A fimpkr way of procuring the acid, is to heat together 
the white oxyd of arfenic, with diluted nitrous acid, in a 
ntort, and when the folution is complete, to add fome 
Hn>ng nitric acid, and proceed to diH illation : much nitrous 
gas will be given out, and fome orange -coloured acid will 
come over into the receiver ; return this upon the mafs in 
the retort before it becomes dry, together with a frefh 
portion of ftron.; nitric acid, and thus repeat the cohobation 
till the extrication of nitrous gas has aimoft ceafed ; then 
diitit to drynefs, and make the bottom of the retort red 
hot I all the remaining oxyd of arfenio and nitrous acid 
will be driven off, and nothing will be left behind but pure 
arfenic acid. 

Befides the above proceffeSf Pelletier has deferibed an- 
other method of procuring the acid of arfenic. He mixes 
iheorbitc oxyd with nitrat of aaamoiuaa.aii^.fubjt^ks tha 


mafs to diftillation in a luted retort.'^ It is neceffary to 
begin with a very gentle degree of heat, for the decom« 
pofition of the ammonical fait is otherwife fo rapid, that o 
targe portion of the oxyd of arfenic is carried over into the 
receiver. But by proper management, the operation goes 
on m</rc flowly and quietly ; there paffes over fome nitrous 
acid, and by a flight iucreafe of the neat, ammoniacal gas is 
alfo produced ; towards the end of the procefs, a little 
white 1 ufuaMy fiibiimes, and a folid vitreous mafs of 
arfenic acid remains at the bottom of the retort, which, 
when u*d hot, becomes pcrfcftly pure. 

AifeniL r.w.a is i folid vitreous mafs, of a milky white 
colour : its fp. gr. i*ccording to Bergman, is 3..391. It 
at a tcK.peraturc .1 Ittle below red heat, and becomes 
a traufparcnt colourlefs fluid ; b.^: by cooling, it again be- 
comes iinlivy. When railed to a full red heat, it logins to 
boil, and l ives ouf a portion of its oxygen ,* being flowly con- 
verted into white oxyd of arfenic, which fublimes in proper* 
tion as it forms. If tin’s experiment is performed in a 
covered crucible, after a time, almoH the whole of the 
arlenic acid will be diffipated, and the refidue will be found 
cloftly adherent to the tides of the veflcl, having diflblvtd a 
portion of its eaith, and being thus converted into a perma- 
nent glazing. ‘ Arfenic acid is wholly infoluble in alcohol ; 
but has fo Itrong an affinity with water, as to deliquiate by 
expofure to a moiH air : it diflblves completely in three or 
four times its weight of water, and has not been obtained in 
a cryHalline form, either by refrigeration or evaporation. 
It lias a four, can Hie, metallic tafte, and reddens litmus 
tincture, though it produces no change on fyrup of violets. 
Charcoal powder, digcHed with the aqueous lolution, exerts 
no chemical adlion whatever on it, but if the mixture is 
diHilled to drynefs in a clofe retort, as foon as the ^ bottom 
begins to grow red hot, the whole mafs takes fire with 
violence, and the acid is deoxygenated, a beautiful fublimate 
of reguline arfenic being found in the neck of the retort. 
Sugar, and oil of turpentine, or any of the expreffed oils^ 
are charred even by digeHion with a faturated folution of 
the acid. Six parts of the acid digefted with one of fulphur 
fuffer no change, but when the mixture is diHilled in a clofe 
retort, as foon as the water is driven eff, and the fulphur 
begins to melt, a fudden combination takes place, accom- 
panied by a copious extrication of fulphurtous acid gas^ 
and the whole contents of the retort rife almoil inltan- 
taneoufly, and attach themfelves to the upper pait in the 
form of beautiful realgar. It combines with various alka- 
line, earthy, and metallic bafes. forming a genus of com- 
pound falts, known in chemiilry by the name of Axscniats. 
None of the acids appear to have any adlion on the arfcniCf 
for though it is foluble in fome of them, it may be feparated 
again unchanged. It unites with the boracic and phof- 
phoric acids by fufion, but neither fuffers nor occafions any 
decompofition. 

The order of its aifinitics, according to Pearfon, are, ii^ 
the moiH way, lime, baryteo, Hrontia, magnefia, potaflit 
foda, ammonia, alumine, metallic oxyds, water. — In the 
dry way, lime, barytes, Hrontia, magntfia, potafti, fods» 
metallic oxyds, ammonia, alumine. 

J JO. jirfmlati, 

I. Arfcmai of Potajb, 

If a folution of arfenic acid is dropped into cauHic pot* 
afli, till the mixture ceafes to change fyrup of violets greeii» 
and tunis tindure of litmus red 3 thus (hewing an excefs of 
acid 3 there will be obtained by evaporation a cryHallizablc 
lalt, arfeniat of potaflx. But if on the other hand potafli 
be added to arfenic acid till the mixture turns fyrup of 
violets green, but produces no change ou tin£lure of lit- 
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mUf an wncryfu^UI/ccl fait is the refuU, wliicli bcin^ evapo- 
rated to drynth, ddi(jiiiaU\s on being cxj)ofed to the 

air. I'hcfe varieties vS aifeniat'.'d potafh arc, however, 
rarely mude by the dire<ft union of their component parts, 
but from the whit-: oxyd of aifenlr'.rd iiitie. The plic- 
nomena attending this pioccfs we therefore fn fl ex- 
plain, before we enter U]ion an enumeration of the propci tics 
of the fait. 

I^et any quantity of nitie he melted in a crucible, the 
bottom of wliieli is heated red, and finall port ions of white 
oyyd of arfcnic be projeOhdat intervals, taking care not 
to add a fccond portion till the efFervtTrence and difengage- 
mtnt of the nitrous gns uccahoned by the formed has 
ceafed* By degrees the nrttter in the criiclblc, pro- 
vided the beat is not augmented, will grow thick ; ar.d 
being then examined by folut'on and cryftalli/ation, will be 
found to redden litmus, j\nd conliii of arfcnlat of potaHi 
in a cr)’ila)hxnblc Hate, and iome iindtcompolcd nitre, if, 
however, the mafs in the cnicible is k^pt for a few minutes 
at a little higher heat, it will ent'T into pcrfe^l fufion, and 
give out feme nitrous gas ; after a fliort time it w'ill again 
grew thick, and being then difTidved in w’ater, will turn 
iyrupof violets green, and refnfe to cryllalli/.e, forming what 
Macquer and the old chcmifls call NUn Jixed ly arfruic. 

If a mixtine of equal parts of nitre and white aifenic be 
put into n crucible (or Hill better, into a I'loivncc fla/l^), and 
the lliflc be heated gradually in a fandbatli, till its bottom 
IS obfeurely red, there will happen a very copious direng«'*gc- 
ment of orange- coloured vapours ; wdicn thefe ecafe, the 
vcifel is to be withdrawn from the fire, and will be found 
to contain a white faline mafs, which by folution in hot 
diftillcd water, and evaporation, wdll yield arfeniat of pot- 
afh, formerly called after the inventor Macquer' s neutral 
<irjchi:al falu When, on the contrary, two parts of nitre and 
one of white arfcnic arc fubje£led to the above treatment, 
the refult is an uncry{lalli«.Hbk deliquefccnt mafs, the 
alkaline arfeniat of potafli. This may be converted into the 
cryflallizable or acidulous arfeniat, either by the addition of 
arfcnic acid, in which cafe the whole will be arfeniat of 
potafh, or by fulpliuric acid, which neutralizing the 
alkali, the liquor will yield by cryflallization arfcfliat and 
fulphat of potafh. In oppofition to tliefc fails, which are 
mentioned by Bergman, Schcelc, Macquer, and mod mo- 
dern chemifts, Pelletier has recorded an expcrimcntf which, 
though he draw\s no conclufions from it, feems incapable of 
being reconciled wnth the theory of an alkaline and acidulous 
arfeniat of potafh. He mixed, according to the procefs of 
I-.cfevre, two ounces of white aiTenic with four of nitre, 
and put the whole into a large crucible, the mouth of which 
was then clofed with a finaller inverted crucible pierced with a 
fmall hole to give vent to the nitrous vapour. It was fubjcilcd 
firli to a very gentle heat for three hours, and then cxj>ofcd to a 
red heat for eight hours longer. The matter thus prepared was 
a compacl faline white mafs, eafily feparating from the cruci- 
ble, and weighing one gros kfs than four ounces. Being dif- 
foived in difli ltd winter and filtered, there was ft parated a 
gelatinous mafs, confiding no doubt of feme of the potallt 
combined whth the earth of the crucible. The clear liquor 
that pafTcd the filter afi'orded by evaporation ci yflalsof »r- 
Icniat of potafh, and tlie mother water conlilled almoll 
wdiolly of cauHic potafh, which united quietly w'ith iulphuric 
acid, and formed fulphat of potafli. Here therefore we 
have an example of the cryllatlizcd arfeniat formed in the 
snidll of cauflic potafh, a circumitance wholly uAaccountable 
if an excels of acid is neceffary for this purpolc. 

Arfeniat of potafh cryfhilUzes in rectangular quadrilate- 
ral piifms, terminated by four-fided pyramids. Iw clofe 


v< jTlIs it fufes at a low red heat, but fbctvs no figns of dc- 
compofiMon ; wlicn made to boil violently in an open vefTel it 
gives out oxygen, and acquires alkaline prope»‘ties. It neither 
efllorefcis nor doliqui^tcs in the air. It is foluble in about 
fix pans of boiling water, and depofits cryftals by cooling. 
It is decomjiofable by lime and barytes, either in folution or 
by fufion, the acid quitting the alkali to unite wnth the 
caiths. The fulpliuric, nitric, and muriatic acids, ab(lra£l 
from it the alkaline bafe, fetting the arfcnic acid at liberty 
and formii g fulphat, nitral, or muriat of notani. It de- 
compofes and pivcipltatrs almofl all metallic oxyds from 
thfr combinations, forming infoluble metallic aifeniats. In 
the dry way, it is derempofed by charcoal, and the produft 
is ivguhnc arfenic of great beauty and purity, ami carbo- 
nnted potafli. Sulphur, iron, and /inc, alfo dccompofe this 
fait, the regulinc arfcnic combining with one part of them, 
while the ether is oxygenated. 

2 . jh’fenlat of Soda. 

According to Scheelc, if foda is fatiiratcd with arfenlc 
acid, cryllalvS of arfeniat of foda arc obtained, fimilar in 
figure to ifiofe of the preceding fait ; how'ever, the folution 
of them has no elTeft on litmus, but turns fyriip of violets 
green. iSunic arfcnic ac’d fnperadded, takes away the 
cryllalli/ability of the mafs, which, wdien evaporated to 
dr^ ncTa, dcHquiatcs in the air. Pelletier, by decompofiug 
nitrat of foda by oxyd of aiTenic, in the manner already 
recited for preparing arfeniat of potafli, obtained a pemia* 
nent fait in truncated hexahe dial prifms. The other pro- 
perties of arfeniat of foda arc unknown ; probably, how- 
ever, they are analogous to thofe of the preceding article. 

3. ^rfniat of Ammonia* 

Liquid ammonia, fatiiratcd with arfcnic acid, ^affords by 
evaporation a fait fimikir in form to the rhomboidal cry Hals 
of nitrat of foda. It turns fyrup of violets green, but 
produces no cliangc on litmus ; by a gentle heat it becomes 
opaque, and part of the ammonia flaying off it exhibits an 
excefs of acid In this (late it forms long acicular acid 
cryflals, which dcliquiatc in the air. When diftillcd, it firft* 
gives out fume ammoniacal gas, then fufes, and again be- 
comes folid after it has parted with fome oxyd ofarfenic 
which fublimcs. By a further incrcafe of temperature it 
again becomes fluid, and is now found to be wholly changed 
into arfenic acid. Muriat of Ammonia is dccompofed by 
diftillation with three parts of arfenic acid. There firrc 
rifes muriatic acid, then ammoniacal gas, afterwards oxyd 
of arfenic, and arfenic acid remains behind ; hence it is 
obvious that part of the arfenic acid is deoxygenated at ike 
expellee of a portion of the ammonia. 

4. Arfeniat of Lime* 

If arfenic acid is dropped into lime water, a white pre* 
cipitate is thrown down, which is refoliible in a frefh portion 
of acid ; the folution being now evaporated, fmall cryftals 
are obtained of arfeniat of lime. Another way of procur- 
ing tills fait, is hy digefting chalk in arfenic acid. An 
eiTervefceiicc ciifues, ar.d afterwards by cooling, copious 
cryftals are depofited. Arfeniat of lime is fparingly foluble 
in water, and the folution is decempofed by fulpnuric acidf 
fulphat of lime being precipitated. The affinity of arfe- 
nic acid for lime, is alfo inferior in the moift way to nitric, 
muriatic, or even acetous acid. Yet nitrat, muriat, and 
acetitc of lime arc decompofabic by means of double af- 
finity, by the uncryftulli'/.able arfeniat of potafh, and the 
arfciiiats of foda and ammonia, arfeniat of lime being in all 
thefe cafes precipitated. This fait, if heated ftrongTy in a 
clofc crucible, enters into fufion, forming a white enamel- 
like mafs, but without undergoing any dccompofition ; by 
mixing with charcoal aud fubfequciit heating, the greater 
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part of the acid is oxygenated, and rrgiiline arfenic is fuh- 
linicd, Arfciiic acid in the diy way has fo powerful an 
aiVinity for lime, as to be capable of uniting with this earth 
to the exclufion of fiilphuric, fluoric, and nitric acids. 

5. Arfenial of Magnefia. 

Acid of aifcnic, when digelltd upon magnefia to falnra- 
lioii, foiuit) a coagiilum 3 this being did'oK’cd in a frefli 
quantity of arfcnic acid, and evaporated, yicldh a jelly which 
by further piivation of its moifture b converted into an 
uucryllallizablc vifeous mafs. The fulphat, nitrat, muriat, 
and acetite of magnefia, arc not deconipofable by arfcnic 
acid, but readily fo by the alkaline arfeniats ; the pre- 
cipitate thus produced is infoluble in water, but readily fo 
by acids. When heated in a clofe veflcl with charcoal, it 
exhibits the fame phenomena as arfeniat of lime. 

(). Arffhuit of Barytes, 

This fait may be obtained in an earthy form, according 
to Schcele, by digclling tiic acid upon barytes ; at fird the 
barytes diflblves readily, but when the acid is fatiirated, a 
fpotitaneous prccipication of arfeniat of barytes takes place. 
Fourcroy informs u i, that it may be procured in a crydallinc 
form by mixing a warm concentrated folution of acetite of 
barytes and arfeniat of potafh ; a dccompofition takes place, 
and bnght fpicular needles of arfeniat of barytes are dt- 
pofited. In the moiil way this fait feems undecompofable 
except by fulphuric acid and the cafily foluble fulphats. 
In a full red heat, however, even fulphat of barytes is de- 
compofed by arfcnic acid, the fulphuric acid being vola- 
tilized. 

7. Arfeniat of Alumine. 

Moifl earth of alum is readily foluble in arfenic acid, and 
^ evaporation it yields a gummy uncry ft alii zable mafs. 
The alkaline arfeniats will occafion a precipitate in fulphu* 
ric, nitric, and muriatic acids, previoufly faturated with 
earth of alum, and this precipitate is foluble in acids, though 
not fo in water. It muft however be remembered, that 
the earth precipitated from Alum by an alkali is not pure 
Alumine, and therefore that the preparation heredeferibed 
is not arfeniat of alumine. Scheele indeed exprefsly men- 
tions, that the folution mixed with charcoal, and evaporated 
to drynefs, and then ignited in a clofe vefTel, yields a fub- 
liroate of orpiment, together with reguline arfenic and ful- 
phureous acid, and that the refidue, when diflblved in ful- 
phuric acid, depofits after a time fome cryftals of alum. 
The arfenic acid, even by a long digeftion with white clay, 
does not take up any portion of it. One part of clay and 
four parts of acid combine by fufion into a vitreous mafs 3 
and this, by being again heated wdth charcoal, affords a 
beautiful fublimed regulus of arfenic. 

The combinations of ftrontia, and the other earths with 
the arfenic acid, have not as yet been examined. The me- 
tallic arfeniats will be found under the feveral metals. 

§ H . Hiflorical Notice concerning Arfenic. 

The native fulphuret of arfenic, was the only one of the 
arfenical ores known to the ancients. Ariftotle fpeaks of 
the ; and his pupil Theophraftus, in his treatife on 

minerals, mentions the A^^iynco;, corrupted afterwards b^ 
Diofeorides and others into Pliny alfo, in his 

Natural Hiftory, deferibes the arfenicum, auripigmentum, 
and fandaracha. The Syrian orpiment, probably from its 
colour, was fuppofed to contain gold, and an ineffc^lual 
attempt by order of the emperor Claudius to extrad this 
metal from it, is recorded by the Roman naturalift juft 
mentioned. The fandaracha of Pliny is realgar, being 
reprefented by him as friable, of a ruddy colour, and ana- 
logous to iitnarge. His arfenicum is exprefsly faid to be 
of the fame fobftance as landaracliai and » thus deferibed. 


The colour of the heft is fupcrior even to gold t the in- 
ferior forts are paler, or clfe approach to the hue of fanda- 
racha. It is of a fcaly texture.^’ The two latt do not ap- 
pear to have been conftdcrid of the fame nature as auiipig- 
menttim : ai.d the only ufc to which they were applied, 
was that of a cauftic in medicine, and a pigment. The 
f rft mentiun of white arfcnic is in the works of Avicenna, 
wlio lived in the nth century. Paractlfus affirms, that ar- 
(t nic fublirr.ed with egg-fliclls becomes like filver ; and in 
1673, Lemcry publifhed the mctliod of obtaining the regu- 
liis by fiiblimation from a mixture of white arfenic, 6xcd 
alkali, and foap. Albertus Magnus and Beecher con- 
fidcred arfcnic (by w^hich they meant the white oxydj at 
of a faline nature. Kunkel was alfo of the fame opinion | 
and Macqiier, by his difeovery of the arfenite and arfeniat 
of potafli, demon ftrated that in thefe combinations it held 
the place of an acid. Finally, Scheele proved, that the bafe 
of arfcnic (according to the Stahiian theory then in vogue) 
was not only fimilar to, but was a£lually an acid, by dif- 
covering the method of obtaining it in an uncombined ftate. 

Arfenic being found in the 01 cs of many metals, 
often ferving as a mincializer to them, and acfticrtng with 
great obilniacy to them even when brought into the ftate 
of regulus, was long conlidercd, like mercury, as an 
efTential component part of metallic fubftjtncts, nor was this 
opinion abandoned till the celebrated ed'ay of Monnet ia 
reply to a piize queftion propofed by the Royal Berlin 
Academy, in 3773, on the nature and peculiar agency of 
arfenic in the formation of metals. In this treatife he fhews 
arfenic to be a peculiar metal, efleniially differing from all 
others, and inftead of being a neceffary component part of 
them, is often totally abftnt, and when prefent is fo .far 
from perfecting them, that it always deteriorates and obfeuret 
their charaderittic properties. 

^ 12. U/es of Arfenic. 

In the reguline ftate, it is ufed to whiten Cop- 
per, and enters as an ingredient in feveral kinds of Spe- 
culum Metal, Oxyd of arfenic is employed as a poifon 
for rats and other vermin, and a ftux in CrLASS^m^iiin^. 
Orpiment and realgar are of extcnfive ufe in Dying and 
Calico-printing, and as a pigment. For the delctenous 
properties of arfenic, and its medical ufes, fee the next 
article. 

Piinii Hift. Nat. Bergman’s EfTays. Schccle’s Eflays. 
Pelletier, Memoires de Chimie, vol. i. Encycloped. Method, 
art. Arfeniqiie. Fourcroy, Syft. des ConnoifT. Chem. vol. v. 
Macquer’s Chemifehes worterbuch, art. Arfenik. Gren’s 
Syftematifehes handbiich der Chemie, vol. in. 

Arsenic, in Pharmacy^ and its Operation upon the Hu* 
man Body. — Arfenic is perhaps of all natural fubilances, that 
which exerts the moft virulent and dreadfully aftivc opera- 
tion upon the living animal, when taken into the ftomach or 
any other part of the fyllem. 

Wc arc, unfortunately, too familiar with its effefts as a 
poifon 3 its cheapnefs and abundance rendering it cafily ac- 
ceftible to malevolence, or obnoxious to carclelTncfs, and the 
hiftory of almoft every year adds to the number of fufterers 
from this formidable mineral. 

Ncvcrthelcfs, as every poifon, when judicioufly managed, 
may be converted into a powerful medicine, feveral very flcil- 
ful practitioners have attempted, and not without advantage, 
to add this fubftance to the materia mcdica, and hence the 
effects of arfcnic become important to the phyfiologift in a 
double point of view, both that he may relieve and counteract 
them, when they opeiate as a poifon 3 and manage them with 
judgment and caution, when they are intended to cure dil- 
ufe. 
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Wc may begin by obferving, that all the preparations of 
arfcnic appear, as far as expcnence goes, to operate in a fixni- 
larmanncr,thouffhfomc\Yjth much more aAivity than others, in 
proportion to their quantity ; and like wife it is fully afeer- 
taiued, that fulphur msderates the operation of this metal in a 
very linking manner, as indeed it does that of all the other 
metallic medicines* This comparative mildnefs of the ful- 
phurct may be the reafon why the native orpiment and real- 
gar have been employed medicinally for ages by fomc of the 
oriental nations, panicularly, among other cafes, as an anti- 
dote to the bite of the cobra, and other venomous ferpents ; 
and wc may remark, that the native arfenical fulphurcs (as 
obferved by Hoffman, and confirmed by fubfequent experi- 
ments) arc much milder and fafer in their operations, than 
any of the artificial combinations of thefe two riunerah. 

When the adive arfenical falls (the v.hite arfcnic for ex- 
ample) have been taken into the ftomach in the quantity of 
a few grains or upwards, the moll dreadful confcqiv nces arc 
obferved to fuccecd: thefe are, firft, a moll horrible and al- 
moll indefcribable anxiety at the pit of the ftomach, to whicli 
fucceeds a very acute burning pain in this organ, generally at- 
tended with violent retching and vomiting, whereby, indeed, 
the life of the fufferer is fometimes preferved, owing to the 
rejedion of the arfcnic ; this is often follow’cd wirh fevere 
purging, and the pain proceeds with incrcafcd virulence, to 
the bowels and almoll the whole of the alimentary canal ; to 
this fucceed in a Ihorter or longer time convulfive tremors 
of the limbs, cold fwcats, and a very fudden and ebaraderiftic 
fwclling of the emphyfematous kind, which puffs up the face, 
the neck, and at lall every other part of the body. If no re- 
lief be obtained from thefe dreadful fymptoms, they quickly 
proceed to the deftrudion of life ; the unhappy fufferer be- 
comes infcnlibleto fun'oundingobjeds, lying on his belly, with 
every mufcle diftorted by the violence of the pain, his hands 
clenched, his eyes bloodlhot and glaffy, his jaws now im- 
moveably fixed, and unable to fvvallow cither folids or liquids, 
his limbs convulfed with fevere cramps, his face and neck fo 
much fwclled that the features can hardly be recognized, 
till at lall death terminates his agony. On infpefting the 
body after death, the ftomach is alw'ays found highly inflamed, 
partly gangrenous, and often adually coroded hy fpha- 
cclatcd fpots. The fame inflammation and partial mortifi- 
cation alfo extends in moll cafes to parts of the fmall in- 
teftines. The body is faid to putrefy with remarkable 
rapidity. 

£ven when perfons have recovered from poifoiting by arfe- 
wic, they feel its tffcdls long after in griping pains, tremors 
of the limbs, partial paralyfis, lofs of appetite, and often a 
lingering hc^ic fever, which remain for a confidcrablc lime, 
find without great attention to health, arc apt materially to 
injure the conftitution. An expofurc to the fumes of arfe- 
nic occafions fimilar accidents, particularly griping, bloody 
urine, and contra^ion of the body, and fometimes a general 
eruption like the nettle-rafh; and hence in all chemical ope- 
rations with this dangerous metal, the operator fliould be 
particularly cautious of avoiding its noxious fumes. 

Arfenic when applied to any wounded or ulcerated fur- 
face of the body, is equally liable to produce the above-men- 
tioned fymptoms in a greater or Icfl’er degree ; but as the firfl 
that appear arc generally pains in the ftomach and bowels, 
and (welling of the face, lufficient warning is hereby given 
to withdraw the caufe of them. 

A variety of remedies againft the poifon of arfcnic has 
been propofed, all of which are intended to fulfil thefe two 
indications, to remove the noxious ingredient, and to protcdl 
the alimentary canal from its baneful operation. The firft 
obje^ ii to get rid of the poifoxi by moft copious vomiting 


and purging; and for this piirpofe all the fuhftanccs known 
to produce thefe eftefts, may be employed with the greateft 
freedom. It has been thought that the rougher mineral 
emetic and purgative medicines fliould be avoided, and certain- 
ly the milder vegetable fuhftanccs appear the moll eligible ; 
but it is of fuch infinite confequcnce to apply an immediate 
remedy, that the preference due to one over another medi- 
cine can hardly ever be equivalent to the inifehief incurred 
by allowing this mod corrofive and deleterious of all poifons 
to remain a moment longer in the ilomacli than can be avoid- 
ed. Hence the firft emetic medicine at hand is always the 
bell, nor fliould the mechanical means of exciting vomiting, 
as by thrufting a feather down the throat and the like, be 
negledled. In the .intervals of vomiting, the ftomach fliould 
be deluged witli any mild mucilaginous liquid that is at 
hand ; milk, gruel, linfecd tea, broth, oil of any kind, or 
even warm-water, in the largelt pofllble quantity, fliould be 
taken, and where the hrfenic ilfclf excites conftant vomiting, 
as is often the cafe, no other remedy than thefe mucilaginous 
or oily liquids is required. Thefe (hould be affiduoufly per- 
fevered in till the burning pain and other fymptoms produced 
by the arfenic are removed, and only the forcncfsconfeqiient to 
fuch a violent exercife cf the alimentary canal remains; after 
which a cautious and judicioiir, ufe of opiates wull prove of 
material benefit: but the Rate of health will require much at- 
tention for a confiderable time, before the conftitution can 
entirely recover the cffecls of fo rude a fliock. When the 
poifon has remained fo long in the ftomach that the fuf- 
ferer lies infenfible, racked with pain and unable to fwallow', 
recovery feems to be hopelefs ; in fuch cafes, the moll pro- 
bable method of exciting vomiting is to lay fume tartar eme- 
tic upon the tongue, part of which may perhaps be carried 
by the faliva into the ftomach, and relieve it from the poi* 
fonous mineral. 

Some ingenious men have endeavoured to difeover an 
antidote to arfenic, in the proper meaning of the term ; that 
is, a fubftance which may prove a peculiar corredlive to its 
baneful clfcfts, by uniting with it when in the ftomach, and 
deftroying its acrimony. ^I'he well-known effc6l of fulphur 
to mitigate the operation of all metallic bodies, readily fug- 
gefted this as the defired remedy, and the liquid alkaline 
lulphuret was propofed by Navicr, an eminent phyfician of 
Chalons in Fiance. Foiircroy has fuggefted the liquid 
hydro-fulphurts (or folutions of fulpliurated hydrogen in 
water, of which the fiilphurated mineral waters are familiar 
examples) as an improvement on Navier’s remedy. Expe- 
rience, however, has not confirmed the utility of either of 
thefe preparations. It is true, that if the poifon and the 
antidote were previoufly mixed, and in a ftnte of folution, the 
former would be difarmed of its terrible powers; but to 
tnift to the chance of a mere chemical operation in an organ 
fo initable as the ftomach, fo dreadfully fufceptiblc of adlive 
inflammation, and adlually fuffering under a violent injury 
which is haftening the deltrudlion of the whole fyftcm, is to 
carry the ideas of a laboratory much beyond the bounds of 
fober prudence and found practice. 

It has been urged, however, that after the immediate 
danger from arfenic has been removed by the liberal ufe of 
emetics and emollient liquids, much advantage may be de- 
rived from the ufe of the liquid fulphurets. But at this 
period w'c have not (in all probability) any of the arfcnic to 
remove, but only the inflammation, the effedts of arfenic, and 
on what ground can fulphurated hydrogen be fuppofed to 
be of ufe in inflammation of the ftomach and bowels ? 

The medical chemift is fometimes called upon by the 
magiftratc to afeertain the prcfencc or abfcncc of arfenic in 
the ftomach of pcifons who have died with (bme of the vio- 



ARSENIC 


122 

lent fymptomb above deferibed. Some of the sippearancest 
on difTcaion, have been already mentioned. The prelencc 
of arfcnic, in fubftance, in the flomach, is thus afeertained : 
firft, make a lijjrature round the lower part of the otfophagus, 
and another at the pylorus, to prevent a!»y of the contents 
of the ftomach from fpilling ; then take out this organ, 
empty its contents in a bafon, and rinfe the inner furfacc 
with a little cola ivati*r, which add to the other contents. 
As white arftnie, in lubflaiice, it* gcntially that wliich k 
found after deatlj by this poifoii, it will be feen in the fonn 
of a heavy white ptiwchr, from wliich the flime, and ulhci* 
contents of the Iton nch, may he walhcd off by rtpcattd 
affufions of cold r, wl»ich walhings, however, (hould not 
be thrown away, but added to the liquid conti nis. 1 hen 
let the powder be l'iihuutt<.d to the following experiments : 
toil a portion of it in a l lorcnce firik, in a few ounces of 
didillcd water, and filter the liquid folulion ; ad*! to a part 
of the clear liquid fomc water fatnrated \v!th fidphnratcd 
hydrogen gas, or a few drops of lulphurct of ammonia, ai»d 
if arfenic be prefent. a golden yillow fedimont will fall down, 
which will appear fooncr if a few drops (d acetic acid be 
.added; add to another portion of the foliiiion a iiiigle drop 
of a weak folution of carbonate of pota/li, and afterwardn a 
folution of fulphate of copper, when the arfenic will be 
indicated by a yellowilh giten precipitate, fimilar to fluit 
which is known in chemiftry by the name of Schtcle^s green ; 
colledl the fediments and dry them, or if there is any of the 
powder to fpare, take a portion of this, lay it upon red hoi 
charcoal, wnen it will be cntiiely diflipated in a while denfc 
vapour, having the garlic fmell peculiar to arfenic. 

But a portion of the w'hite pow d<*i fufptdled to be arfenic 
fhould be reduced to the metallic flate, which may be done 
in the following neat manner, propoftd by Dr. Black * mix 
it with two parts of dry carbonate of potafh, and one of 
powdered charcoal ; procure a tube eight or nine inchrs 
long, and one-fixth of an inch in diameter, of thin glafs 
fealed hermetically at one end ; coat the clofcd end with 
clay for about an inch, and let the coating dry ; then put 
into the tube the mixture of the powder and the flux, and if 
any of it fliould adhere to the inner furface, let it be bruHicd 
■dow'n by a feather ; Hop the open end of the tube loolcly 
with a cork, and gradually heat the ftaled end only, on a 
chafing-difh of hot charcoal. The arfcnic, if prefent, w»ill 
then rife to the upper part of the tube, on the inner fmfacc 
of which it will form a thin, brilliant, metallic coating, 
whilil a portion W'ill efcape in garlic fmelling fumes. When 
nothing more rifes from the healed end, break the tube, and 
ferape off the metallic cruft formed on the upper part. Of 
this, lay a part on heated iron, when it will totally exhale in 
a denfc fmoke, with the peculiar arfeniral fmell ; put another 
part between two poliflted pieces of copper (halfpence, for 
example, rubbed quite bright), bind them together with 
wire, and expofe them (lowly to a low red heat ; if the cn- 
dofed fubftance is arfenic, it will leave a white (tain on the 
copper. 

If it fhould happen that no white powder is found in the 
ftomacii, the liquid contents, when filtered along w'ith the 
wafhings, fhould be evaporated to drynefs, and tlie refidue 
examined in the fame manner as the white powder ; but this 
would be a work of greater difficulty on account of the 
cafual mixture with the other contents of the ftomach. 

By thefc means the prtftnce of arletiic, even in very fmall 
quantity, maybe dettded bv any one toltraBly verfed in 
chemical experiments ; but for grt'ater fccurity, it may be 
advifable to perform feparate and |iara]lcl experiments with 
the white arfenic of the (hops, and compare the refults and 
appearances. 


It is a matter of common obfervation, that no vegetable 
or mineral poifon, however virulent, extfts, which in dimi- 
nifhed quantity and by prudent precautions may not be con- 
verted into a valuable remedy. This obfervation will apply 
even to arfenic, and we have the moft refpe^able teftimony 
to its value in the cure or relief of fome complaints whicn 
entitles it to confiderablc notice. The medicinal ufe of the 
fulphurets of arfenic may be traced back to very early times, 
and the Greeks and Romans appear to have ufed it w»ith 
conlldcrable freedom. Diofeorides obferves that the arfenic 
(a;.T£w< ..) is found in the fame minerals which produce the 
faiidaiuch. l‘hc Vi.^\ for medicinal purpofes, he adds, k of 
a goltitn colour, uninixtd with any other fubftance, which 
eafily fep** rates it. to fcales, and comes from Myfia on the 
HelUrpout. An inferior fort comes from Pontus and Cap- 
padocia. It is prepared by roafting on hot coals, with con- 
Itant ft.rring till it takes fire, and alters in colour, vdien it is 
to be cooled and cartfully pulverized. The fandarach is 
prepaicd in the fame manner as the ariVnic or orpiment, and 
pofiefles the fame virtues. When taken internally, they 
have a violent C(/rrofive and aftriftive operation, exciting a 
burning on the llcin, and caufing the hair to fall oft', Thefc 
arfenical powdcis were ufed principally as external appli' 
cations, mixed with pitch, oil, or fat, againft a variety of 
cutaneous complaints, itch, phthiriafis, and other defeda- 
tions of the fkin, and alfo to ulcers of the nollnU and mouth, 
and condylomata* 

Much attention has been bellowed in modern times to the 
power laid to be poflefled by arfcnic of relieving or curing 
cancurs, when employed both as a top'cal application, and 
tak; n into the flomach. The prog refs of this difordcr is fo 
dreadful, and the nincdits ufually employed have proved fo 
inadequate to flop its ravages, that ary medicine, however 
fevcrc, may be employed without cenlurc, which affords a 
chance of permanent relief. We have ftill to legret that 
the flattering }u>pts of a curt, and the real benefit often 
produced by this metal, have not been confiimed by fre- 
quent expcnmeiit ; but the virtues of this remedy, however, 
are too important to be negltdkd. Several medical pradii- 
tioners and cmpiiics have gained much credit for fuppofed 
cures of cancers by it medics which appear to have been 
arfenical ; and Mr. Juftamond, in his valuable Surgical 
Tradls (London, ^789), gives the recipe of an arfenic 
cauftic, called “ the cail ot Arundel’s receipt to cure a 
cancer,” and found in the Harltian MSS. which appears to 
have been divulged by a woman in the lower order of 
people, in the year 1638, whofe father bad long employed 
it for the cure of cancers. 

Mr. Juftamond, in his ingenious work above quoted, 
gives llie hilloiy of many cafts of cancer in different ftages, 
in which the following arfenical preparations were topically 
applied : 

1. The earl of Arundd’s receipt above mentioned, com- 
pofed of one ounce of yellow arfenic, and ha'f an ounce of 
bole armeuic ; or elfc of one ounce of the ycdow arfenic, 
half an ounce of tlie red precipitate, and half an ounce of 
bole armcnic. 

2. A fulphiiret of arfenic, formed in the following way : 
Take four pounds of fulphur, and one pound of white arie- 
nic, mix and put them into a glafs retort, on a fand heat, 
and lute to the retort a long neck and receiver : raife the 
fire gradually till the mixture be fofed: rejeft the fnbJimed 

rtion, and refcive the fixed matter beucatb, which rouft 
finely levigated. 

5* A mixed fulpburet of arfenic and antimony, formed by 
melting together in a crucible, with a very moderate heat, 
tlie native black fulpburct of antimony (or the common an- 
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Umony of the fiiop$)» with white arfenlc, in proportions 
varying according to the intention ; being two parts of arfe- 
nic to one of uiitiniony, wlicre a violent arfenical cauilic is 
wanted ; and two parts of antimony with one of arfenic, 
where a milder efcharotic is required. 

Mr. Jullamond began the above arfenical ayiplication, to 
the open or ulcerated cancers, which he ufed in the form of 
powder or fcrapiii^s, laid to the mofl iileerated parts, vvhilll 
be frequently moiflencd the hard retracled ed/es of the 
wound with a folutioii of muriattd iron, with fal am« 
moniac. 

The immediate effect of the arfenic was to give a mod 
acute and burning pain, w'hich condantly attended every 
frefli application, and probably would be hardly tolerable to 
any, but to thofe who arc fuftcring under one of the mod 
dreadful, harafling, and hopelefs difordeis which ever come, 
under the care of the furgton. The hrU benclicial effc6l of 
the arfenical pow^der, wau to corrc6l, and almod entirely to 
remove the fickening dench which attends theft* fpccics of 
ulceration; and this was invariably the cafe, even when it 
failed to give any other relief. Afterwards the powder 
(where fuocefsful) evidently improved the condition of the 
fore, and by repeating* it daily, with much peHcverancc and 
attention, Mr. J. Iiappily fucceeded in producing a complete 
cure. It was only, however, in one or two inllanccs that 
this was effedted ; and in others, the poifon of the arfenic 
abforbed into the fydem, produced its baneful operation 
with fo much rayiidity, btiuging on partial palfy, and fevere 
pain w’lth cramp in the bowels, that he was obliged indantly 
to difeontinue it ; with the unpleafant feeling, that he had 
added to the already difeafed conilitutioh of his patient, the 
fevere diforder occahoned by the arfenical remedy itfclf. 
Mr. Jullamond then made a trial of the llronger arfenical 
cauftic (two parts of arfenic fufed with one of antimo- 
ny), to fchirrous tumours of the bread, before they had 
proceeded to ulceration, w’ith the view of turnhig them out 
entire, or as it were dlllc^ling them out by cauftic, inttead 
of the knife. In tliis he followed the example ot Guy and 
Plunkett, who had been celebrated for this ipccies of opera- 
tion, an operation only to be undertaken when the .patient 
is too timorous to fuLmit to the fafor and more expeditious 
ufe of the knife. Mr. J. mixed the arfenical cauftic ivith an 
equal w*eiglit of opium, brought the powder to the confid- 
ence of an ointment by the yolk of an egg, and having the 
day before feparated the cuticle of the tumour , by lunar 
caudic, he applied the arfenic over the whole furface* 1 he 
pain was very great for twenty hours, after which it fubfided. 
After fome days the tumour began to feparate, and by re- 
peating the caudic round the feparating edges, the fchirrous 
gland, in about two months, “ came out entire as a nut out 
of Us fhell, or as if it had been cleanly differed with a 
knife.^' 

Wc fliall proceed to enumerate fome of the other noted 
arfenical preparations, employed externally to cancers and 
fchirrous tumours. The following is given as Plunkctt^s 
celebrated arfenical caudic, with wLich the inventor ufed to 
extirpate fchirrous tumours before they had arrived to ulce- 
ration. 

4. Take of the leaves of the ranunculus acris (crowfoot), 
and of the flammula vulgaris (Icfler crow^foot, alfo a fpecies 
of ranunculus), of each one ounce ; of white arfenic levi- 
gated, one drachm ; of flowers of fiilphur, five fcruples. 
The two former plants being frefh gathered and bruifed, the 
arfenic and fufphur arc to be added, and the whole beaten 
into a paftc, which is to be formed into balls, and dried in 
the fun. When ufed they are to be beaten up with yolk of 
egg, and applied on a piece of pig^s bladder to the furfacc 


of the tumour. This is to remain till the cfchnrotic f pa- 
rates fpontaiicouny. The ranunculus, which is an acrid pL.-»t, 
is not hero an uftlcfs addition, as it alfills in feparating the 
cuticle, and till this is done the arfenic is fcarcely able to 
aa. 

5. The arfenicum citriiuim (^clber arftiitk) cmjdoyed at 
Vienna, is one of the ilroiigcft of thefe preparations, being 
compofed of ten parts of arfenic fublin»cd with one of ful- 
phur. When ufed, the ferapings of it are laid on the can- 
cerous ulcer till it is confumed. The pain which it occafioiis 
is moll fevere. 

Mr. Feb lire’s arfenical remedy tfrotn^c pouf 

gtterir radicahment la Cancer occult e ou ulcvrv^ Paris, 1775), 
which excited much attention at the time, is the following ; 

6. Take one pint of water ; one ounce of cxtradl of ci- 
cuta ; three ounces of Goulard’s extrad ; one drachm of 
liquid laudanum ; and ten grains of arfenic ; mix them into 
a liquid, with which the cancer is to be fmeared every morn- 
ing and evening. 

Lallly, of the external applications, wc may mention the 
following, which is fimple, and probably as cflicacious in 
ulcerated cancer as any of the preceding. 

7. I'ake a folution of white arfenic in water, in tlie pro- 
portion of one grain to two pints, mix it with crumb of 
bread into a poultice, and apply it to the open fore. 

Febure appears to be the firll who ventured to recommend 
the internal ufe of arfenic in the cure of cancer ; a praflice 
which has rarely been openly followed, though probably thia 
mineral forms the bafis of many of the empirical remedies 
for this difeafe. Febure’s internal arfenical medicine is the 
following : 

8. Take of white arfenic, two grains; of fyrup of chi- 
coiy with rhubarb, half an ounce ; of water, one pint. Of 
this one table fpoonful is given every morning and evening, 
in an ounce of milk, with half a drachm of fyrup of poppies. 
The dote is to be gradually increafed as the patient can 
bear it. 

Mr. Juftamond alfo was able to give internally as much as 
five grains of the arfenical fulphurct z.) daily, without 
injuring the patient. 

The inference which the reader will be difpofed to draw 
from all that wc have given, concci ning the efficacy of arfe- 
iiic in cancerous complaints, will not probably be very en- 
couraging to its ufe. The adtual pain attending its applica- 
tion is always very acute, though peihaps not more (o than 
the difeafe itfclf ; but the quantity of the remedy lierc requi- 
fitc, cither for external or internal ufe, isfo coniidcrablc, as 
to incur great danger of poifouing the conftitutlon in^me- 
diably, and inducing calamities aliuoft equal to thofe which 
it is dcfigned to counteract. 

With more fatisfaCtioii we can conclude our account of 
this mineral, with a hillory of its employment in another 
obllinate and often dangerous dilordcr, in which it promifes 
very great advantage, unattended with any confidcrable rifle 
where managed with great prudence and difcreiion. This 
is, in obftinate and lingering agues, Inch as have refilled 
ordina)*y remedies, and are procc'tding gradually to under- 
mine the conllitution by their periodical and repeated 
paroxyfms. 

We owe the introduction, or at lead the publicity of this 
remedy to Dr. Fowler’s highly valuable fcrlcs of experi- 
mental cafes, undertaken in the Staflord infirmary, in 1784, 
and publifhed in the following year. The circumflancc 
that direded his attention to this remedy, was the very 
great fale and fuccefsful operation of certain patent ague 
drtpSf Which were (probably with reafon) ftippokd to be a 
preparation of arfenic. 
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Dr. Vjvvler*« arfeiiical foliition is thus prepared. 

i). 'I’.ike white arfenic in line powder, and pure fait of 
t.irUr, of each fixty»fi:ur grains, put them into a Floreuce 
tialk, or otiur gliifs vcifel, along with half a pint of dillilhd 
water, heal them flowljr to boiling, till the ingrtdiriits are 
dilTolved ; when cold, add half an ounce of componiid fpirit 
of lavender, and dillillcd water fiiincient to make up the 
whole quantity one pint, or rather lifteeu ounces and a half 

iroV'Weight. 

6f tliii folution, one ounce, apothecaries mcafure, con* 
tains four grains of arfenic, or one dram, half a grain ; and 
Dr. F. calculates each dram to be equivalent to eighty 
drops. 

In preparing this liouid, the operator Ihould he aware 
that the fait of tartar ot the lliops, even the piirell, feldom 
makes a perfedly clear folution with water, but leaves a 
fmall eartli) fediment, which no continuation of the boiling 
will diffolve. Inftead of this alkali, twice the weight of 
pure nitre has been employed, which promotes the folubility 
of the arfenic, and is perhaps fomewhat preferable to the 
fait of tartar., Thefe falls are not nectflary to the im- 
mediate folution of arfenic, but they prevent this metallic 
oxyd from feparating again from the water by long keeping. 

The proportion of arfenic to water, in the folution, may 
be varied from the form above given ; but as white arfenic 
requires eighty times its weight of cold water to remain 
diiiblved, not lefs than this quantity (hould be employed, 
and the nitre or alkali (hould never be omitted, as it is of the 
utmolt impnitance for the praditioner to know precifely the 
dofe of arfenic which he preferibes. 

Dr. F. found that for the cure of intermittents it was of 
importance to give the arfenic in divided dofes as fall as the 

f iatients could bear it, without experiencing inconvenience 
rom its poifonoui elfedls. Strong adults could generally 
bear about ten drops of the folution (equivalent to one-fix- 
teenth of a grain of arfenic) for a dofe, which he repeated 
twice, or, it convenient, thrice a day. By flow increafe, 
fome were able to bear as much as twenty drops for a dofe, 
and this courfv was continued for five days, when, if the 
fits of the intermittent were fufpended, the drops were in- 
terrupted for two or three days, and then refumu for three 
days longer to prevent a rclapfc. 

Infants could bear about two drops twice a day, and 
young or delicate perfons took the folution in intermediate 
dofes from two to ten or twelve drops. 

The operation of this powerful remedy was truly furprif- 
ing in checking almoll immediately, and finally removing tlie 

E txyfms of the moll obllinate intermittents, fome of which 
refilled bark and other remedies foraconfidtrable time. 
In a few, however, it failed entirely ; and in others the 
poifonous effeds of the arfenic came on fo fpeedily that it 
could not be continued, and the cure was completed by 
bark and other tonics. 
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Every praAitioner will be aware of the great caution 
nccefiary in the exhibition of a remedy, which, though fafe 
in prudent bands, might induce the moll dangerous acci- 
dents if expofrd to carelvITnefi or ignorance. In moil of 
the fuccefstul cafes, the medicine removed the difeafe with- 
out producing any of the inconveniences attending its ufe 
in larger dofes ( but when the arfenic began to (hew its 
poifonous effeds, the fymptoms were, naufea, often accom- 
panied with a flight griping and purging, fwellings of the 
toft integuments of the body, particularly the face, fome- 
times uiieafiiiers at the ftomach, and a flight eruption like the 
nettle-ralh ; and, in a very few inilancei, head-acb, fweat, 
and flight tremors. By attending to thefe ferious and very 
charaiteriflic warnings, a.)d by the alfillance of gentle ape- 
rients. -iipiv..’-;, and otlier means which will readily fnggcll 
tliciiifelvc's to the prudujt phy'iciaii, this terrible miner, il 
may be (iililled into tlie fcrticc ol the healing art, whilll iis 
chrapnrfs, inlipidity, and givat activity in a very fmall bulk, 
may fomrtimrs ttiulir it preferable to the fafer drugs and 
barks, which oppnls the flomach b) their bulkinrfs, anddif- 
gull by their naiifeous flavour, 

We may a.Id that, 

n. The aii'eniat of potalli, deferibed in § to. of the 
preceding article, has been employed in intermiitents with 
the fame efleift as the folutiun, and its ready folubilny and 
uinfonnity of compolition may perhaps give it a cl.nm tii 
preftTtnee. The medium dofe of this fait may be a fifth of 
a grain three times a day. 

Arfenic has been oiicaiionally employed with confidcrablc 
fnccefs, when applied to the furface of the body in a va- 
riety of cutaiicuns romplaints ; and it might be adopted 
with inr rc freedom, if it were not for the extreme dinger 
to wliieii any nt'gleA of the wannng fymptoms of poifoning 
might e-xpofe the patient, a danger the more likely to be 
in chronic complaints often negleifled, and not alw'ays 
fufficiently under medical infpe£tion. Orpiment mixed 
with tar, with digellive ointment, or other unAuous fub- 
flancea, has been found of eminent fcrvice in tinea capitis, 
a prefeription handed down to us from the ancients ; but 
if the medical praflitioner will venture on this hazardous, and 
npt often necelTary remedy, he Ihould never forget the much 
fupei'inr virulence and a£livitr which the artificial orpimenia 
and arfenical fulphurets pofl'efs over the natural. Orpiment 
and quicklime, boiled in water for a Ihort time, form a li- 
quor which, if often applied to the cuticle, caufes the hair 
to fall off : and the growth of it, when thus checked, is 
feldom renewed. Diofcoridei. Plenk’s Pharmacologia 
Cbinirg. 1782. Fowler’s Medical Reports on the Effeds 
of Arfenic, 1786. Jullimoiid’s Surgical Trads, 1789. 
Pharm. Danica. Henry’s Epitome of Chem. 1801, &c. 



Battery 


BattitRY, i'l FJc 8 ridty^ i a conibination of coated fiir- 
fucjs of ghilji, fo coniictlcd too-dher, that they may be : 
charged at once, and difeharged by a common condni^or. 
Mr. Gralath, a German eledlrician, was the firft wlio con* 
trived to incrcafe the fnock, by charging feveral phials at 
the fame time. Dr. Franklin, after he “'had analyzed the 
I^^'yden phial, and found that it loft at one fnrfacc the elec- 
tric ftre wliich it received at the other, conftruAed a battery, 
confifting of eleven panes of large fafh-glafs, coated on each 
fide, and connected in fuch a manner that the whole might 

charged together, and with the fame labour as one fmgle 
pane; and bybringingallthcgiving Tides into coniaitwith one 
wire, and all the receiving Tides with another, he contrived 
to unite the force of all the plates, and to difeharge them at 
once. A more complete battery is deferibed by Dr. Prieft- 
h’Yf of whidh he fays, that after long life he iees no reafon 
for wifhing the leaft alteration in any part of it. This bat- 
tery (fee F/a/c I. RhQrlcUy^fig* I.) confiftsof 64 jars, each 
ten inches long, and 2 5 inches in diameter, coated within 
inch of the lop ; and contains in the whole 32 fquare feet. 
The wire of each jar has a piece of very fmalll wire twilled 
about the lower end of it, to touch the iiifide coating in fe- 
veral places; and it is put through a pretty large piece of 
cork, within the jar, to prevent any part of it from touch- 
ing the fide, which would tend to promote a fpontaneous 
dilcharge. Each wire is turned round, fo as to make a 
hole at the upper end ; and tlirough thefe holes a pretty 
thick brafs rod with knobs paftes, one rod ferving for one 
row of the jars. The communication between theie rods is 
mad? by laying over them all a thick chain. When part 
o Jy of the battery is ufed, the chain is laid over as many 
rods as will fiirnifh the required number of rows of jars. 
The bottom of the box, in which the jars ftand, is covered 
with a plate of tin, and a bent wire touching the plate 
paftes through the box, and appears on the outAde* To 
this wire any condu6tor defigned to communicate with the 
tmtfide of the battery is faftened, as the fmall wire in the 
figure, and the difeharge is made by bringing, the brafs 
knob to any of the knobs of tbe battery Vivien a very 
great force is required, the quantity of coated furfiice may 
be increafed, or two or more batteries may be ufed. Frank- 
lin's Exp. and Obf. cd. p. 28. Prieftley's Hift. &c. 
of Eledtricity, ed. 1775. vol. ii. p. 99. 

However complete the battery above deferibed appeared 
to be at the time of its couftru^lion, later cledlricians have 
difeovered many imperfefbons to which it was fubjedl ; of 
which the principal are thofc that refult from the form and 
, iize of the jars, the fubftance of the ^lafs, the height of 
the coating, and the conneftioot within the battery. In 
confequence of thefe imperfe^liona in itsHruAure and con-^ 
trivance, it is prevented from receiving more than about 
half the charge which it ought to receive ia proportion to 
the quantity of its coated fnrface. 

The moil perfedi batteries of modern conftnidlion, fii.ee 
that of Dr. rrieftley, have been made in Holland for Tey- 
ler's mufeum at Haerkm, by Mr. Cutlibertfon of Poland^ 
ftreet, London, then ivfiding at Air.ftcrdam. Of thefe bat- 
teries there a^c two, diffiring in their magnitude and mode 


of conftrudlion, but allowed to be equiilJy pertect. I'iie 
firft was completed i.i tlic year 1784, and is compofed of 
135 jars in 9 boxes, cncli containing 15, which may be ufed 
fcpai-ately orcombiiv d, as the nature of the expcriincnt rc- 
quiijs. Each box isafeparate battery of Itfcif ; and the clc- 
Icription of one box with a view of the figure, will be fiif- 
' ficient for cr.jilainmg its conftruclion aiid uf*. In Plats i. 
P.LHi 2. it. exlMbitfcl a pei fpcciive view of Teyler’a 

balti'ry, with its partr. arrar.g..d ii. proj.i r order for re- 
ceiving a charge from the cf dric cil macidtie. Eac!i box, as 
we liave already obferved, contnioG 15 jarh ; cm-}) jar is ii 
inchea high, and 6 inches im diainf ti r, cojstraCt^d at the 
mouth to 4 inches, and coated fo as to contain about 140 
^fquart' inches; and thus the wind' b^.tlery will coiilain 
<.boiit 132 fquare feet of coated lurfacc. Each box is di- 
vided into 15 paititions, 5 of wliich are in the length and 
3 in the breadth ; the height of the fides of the box being 
iomewhat lower than the c(viting of thv' jars, as arc alio 
' the partitions in which they llancf. The hd of tlr box 13 
made without hinges, for the convcniciice of ivlearing it 
from the box, that it may be removed while experiment s are 
performed. It is taken oft by lifting it upAvards. ''I'lieout- 
iide coatings of the jars arc conneacd by means of crofs 
wires pafiing under the bottom of each jar ; and thofe 011 
the infide by means of a brafs frame, bearing 15 brafs balls, 
fixed upon the frame above the centre of each jar. All 
llicle balls, excepting the four at the-corners, have wires 
ferewed to tlicrn and hanging dowMiwards into the iufide i»f 
cach j? 4 r; but the wires oi the four coi^icr jars are ferewed 
to a foRt, which is cemented to the bottom of each in the 
iufidc. Upon thefe vvircs the whole frame rells, and is kcj't 
in its jjropcr po fit ion. I’he fv>ur corner balls liuve holch, 
which receive the ends of the wires, and terminate at a 
proper height from the jars. By this coi.trivarce the 
iufide connecting fr»ime n.ay at any time be eaiily removed ^ 
and as this part of the machine is important, tlic cr.nftruc- 
tion of the laid frame is fnewn feparated from the battery in 
jftyr, 3, It is according to the above conftrudtion ih&t Mr. 
Cuthbertfon forms hisprifcnl batteries, t xcepling that he 
has increafed the fize of the jarf, fo as to make one bat- 
tery contain about 17 fquare b:ct ; a>.d be engages to prove 
by experiment, that the batteries t/f his conftrinition arc far 
fuperior to any ethers. Tcyler’s fccoiid grand battery was 
finilhed by Mr. Cutlibertfon in 1789. Tliis is the largcft 
and moft complete battery that was ever made. Tiie wdiole 
battciy, ftanding in proper order for receiving a charge, 
IS exhibited in 4. It confifts of 100 jars of tl:e fame 
ftiape with that of thofe already deferibed, only that they 
are fo enlarged in fize, that each of them contains 54 fquai-e 
feet of coated furface, inftead of 140 inches, and the wdiole 
battery contains ^50 fquare feet of coating ; and for conve- 
niency, it isput into four feparatc cafes, each containing 25 
jars in the lorm of a fquare, 5 on each fide. The boxes 
are lined with lead on the infide for forming tbe outfide 
communication ; each jarhasaperpendicular ftand reftiogupon 
its bottopi and fupported from falling Tideways by three fiays 
on the infide. llpon the top is ferewed a thi'ee inch brafs 
, globcy from wlucb proceeds a brafs tube about one inch in 
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diameter, td a larg^e brafs globe, fiipported by the middle 
jar at a proper height, fo as to keep tlie iniide communica- 
tion pioperly arranged. A view of the figure will (hew 
how the four are combined, fo as to charge and difcliarge 
all the 100 jars at once. 

Lieutenant colonel Haldane propofes the following mc- 
thod ior mcafuring the force of an cled^rical batteiy, during 
the time of its being charged. 

I^et the battery be infulated, and at a finall diflance from 
it place an uninfulated electrical jar, and near the jar, one 
of Mr. Cuthbertfon’fl eleClrometers. The eleC'trometcr being 
adjiilled according to the degree of force which is intended to 
be employed as a mcafure of force to be communicated to the 
battery, conneCl the eleCtromt ter with the jar; make a me- 
tallic coir’Tiu’dcalioii between the interior lidc of the jar and 
the exterior fide of the biittcry, and coiincCi the interior fide 
of the battery with the condi.(!d:or of an eleClrical machine : 
then, by the operation of the elcClrical machine, the battery 
receives a quantity of the eleClrical fluid, and becomes 
charged. The fliiid, which departs fi-om the exterior fide 
of the battery, is received by the clcClrical jar, which alfo 
becomes charged ; but this jar, being connet*^led with the 
cleArometer, explodes as foon as it acquires a force fufficient 
tb put the cLArometer into motion. The quantity of the 
eleArical fluid wdiich is received by this jar, between each 
of the cxplofions, is a meafure of the quunlity of the fluid 
in tlic hattcry ; and the number of exploiions or difeharges 
of this jar fhews the number of mcafurcs wliicli the battery 
contains, and confequently the force wliich it is capable of 
exerting when difeharged. 

For the author’s demowftration of this method, and the 
illullration of it by appropriate experiments, wc mull refer 
to Nicholfon’s Journal, vol. i. p. 156, &c. 

Battery, Galvanic; the name ufually given to an ap- 
paratus for accumulating the clcAricity which is produced 
by the mutual agencies of certain metallic and carbonaceous 
fiibllanccs, and peculiar fluids. 

The firll inftrument of tins kind invented by the cele- 
brated Volta of Pavia, in 1800, and various forms of it have 
been fiiice adopted by different philofophers. 

Tlie original battery, or the clcArical pile, is compofed of 
plates of zinc, plates of filver, and pieces of palteboaixi, ofthc 
iize ofthc plates, moifler.ed in a fohuion of fait in water: 
and arranged in the order of zinc, filver, pafleboard, zinc, 
filvcr, pattchoard, and fo on, till a ferics fufficicntly numerous 
18 formed. On account of the expence of illver, copper has 
been lately generally fubilituted for it, v/itli but little dimi- 
nution of efteA ; and folutions of muriate of ammoniac, of 
nitrous acid, and of muriatic acid, have been employed in- 
‘flead of the foliition of common fait, with veiy great advan- 
tage to the increafe of the power of ilie combination. 
In general any two metallic fubitances which are perfeA 
conduAoi*s of elcArIcity, may be ufed, pzx>vided the iiiter- 
pofed fluid is capable of oxidating at leall one of them. 

The pov/ers of galvanic batteries appear to be very much 
coni^eAed with the chemical changes going on in them, and 
hence plates of one metal may be made to iupply the place of 
the two metals provided their diflerent /idea be expofed to 
Afferent chcmicdly aAing fluids, as has been ihcwn by the 
experiments of Mr. Davy. Thus copper, filver, find lead, all 
form efficient combinations when they are arranged with two 
diftcrent fets of palleboard, one moiflencd with diluted nitric 
acid, and the other with iblution of hydrofulphurct of pot- 
afh; the order being metal, jpafteboard moiftened with 
acid, pafteboard momened with hydrofulphurct, In 
fach a caih, if the battery is required to he of confiderable 
permanency ai to its tStWf it ianccelTary to feparate the 


pafteboard moiftcncd in tlie chemical agents from each oilier 
by a third fet of pafteboards, moiftened in common water. 

In inftanccs when piles ai*e crcAcd pci pendicularly either 
with two metals or with one metal, in confcqucncc of the 
oxidation and the lofs of moiftnre from pRdTurc and evapora- 
tion, the eleArical aAion ufually ceafes after a few days ; and 
in order to renewit, a fecondconftruAionof the fcrics bccom"# 
neceffary. Several methods have been pri/pofcd for mak- 
ing inftruments more permanent in their operation than 
the pile, and more ealily rendered aAivc ; but the moft in- 
genious contrivance appears to be tliat of the trough, dif- 
covered by Mr. Cnii<;klhank. It confifts of a box of baked 
wood, in which plates of copper and zinc, or of filver and 
zinc foldcred together at their edges, arc cemented in fuch 
a manner as to leave a number of water-tight cells, cor- 
refponding to the number of the feries : the arrangement 
becomes aAivc when the cells are filled wi'di the proper fa- 
linc fluids ; and it may at any time be cafily freed from oxide 
by the ufc of muriatic acid. 

In the common apparatus of Volta, that part bounded by 
the moft oxidable metal, as, forinftance, the zinc, is found 
in a pofuive ftate, with regard to clcAricity, and tlic other 
part, as the copper, in a negative ftate ; and when a commu- 
nication is made between t)»e two ends, by means of a con- 
ducing body, a conftant circulation of clcAricity is efta- 
bli filed. 

The clcAricity of the galvanic battery is capable of being 
partly Irar.sfcrred into the I^eyden phial , and itseffeAs, as 
has been fully ftiewn by tlie experimeiits of MefTrs. Nichol- 
fon, Carlifle, Woolafton, Van Marum, and Ritter, are fimilar 
to thofc of common clcAricity, in a low ftate of iritenfily. 
It gives ftiocks to living animal organs, and excites nnif- 
cular contraAions in bodies for a confiderable time after 
death. It affumes the form of fire in paffing from one 
conduAingbody to another in its higlily co.^cenlratcd ftate j 
audit ignites fmqll mcUdlic wires or leaven, and caufes them 
to enter into combuftio i. It fets fine to cimvoal, fnlphir', 
alcohol, and other inflammable bodies; a.ul it rapidly de- 
compounds water and various (;ther fluid?. 

The intenfity of tlic clcAricity in (ralvnulc batteries is 
greater in proportion as the ferics compoli.ig them are more 
numerous ; but the quantity of it depends upon the quantity 
of furface tin y contain. Hence equal numbers of large and 
fmall plates arranged in different batteric.s produce nearly the 
fame elTeAs on the huinau body which is an imperfcA con- 
duAor, and which can admit of the j^affage only of a certain 
quantity of clcAricity of a low intenfity in a given time ; 
but the large plates are in a determinate ratio, much more 
powerful in igniting the mctJils, and in affeAing perfcA con- 
duAors through which u large quantity of clcAricity, iii 
any ftate of intenfity, rafily and itiftantly paffes. 

Many important philofophical difeoveriee, which will.be 
fully deferibed in the article Galvan 1 s m, have been already 
made,: by means of the galvanic apparatus, in different parts of 
Europe; and anumber of cnliglitciicdexpcrimenters have been 
employed in inveftigating the principles on wliich its opera- 
tion depends. The theory of it is, however, as yet oblcure, 
and the perfeA developemciit of it will probably be coiiiJcA- 
ed with views more profound than any that have been as yet 
obtained of the nature and agencies of clcAricity, ai.d its 
relations to chemical changes. See Phil. Tranf. for 1 80c 
and i8oi. Nicholfon’s Journal, vol. iv. and v., and vol. i. 
new feries. Journals of the Royal Inft. vol. i. Tilloch’s 
Phil. Mag. vol. x. xi. and xii* Aunalcn dcr phyfik. Journal 
de phyfique. Anuales de Chimie. 
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Benzoin, Senjamiu G«m, and Betmoic Aeid, in Chmjfiry 
and Pharmacy. 

The gum benzoin or benzoe, by feme called alfo Jlfa 
Dukisi is a very fragrant refin, procured from a large tree 
found in many parti of the Eaft Indies, Sumatra, Arabia, 
Pei'fia, &r. See Styeax Zleasoe.' 

The refin is brought in large brittle maiTes of a light yeI-« 
low, interfperfed with white nodules, whieh lalt are confi* 
tiered as the fineft, and called by fome Bentie Am^gdidaitkt, 
The fmell of Benzoin is extremely fragrant, cfpecially when 


rubbed or heated : it has fcareely any talle. except previoufly 
difloired in fpirit of wine, which it does with cafe, into a 
yellowilh tinAore. On adding water to this tindure, the 
refin again feparatesinto a white pulverulent mafi, which has 
recrived the Angular name of Lac Virpiudct and alfo M»‘ 
gijkry of Bmmn. When gently dried, it forms a white pow* 
dcr, formerly in great requeft as a cofmetic. It is at leaft< 
innocent, and its feent is one of the moil agreekble. But 
the mod! ftriking ingredient of this refin is the 
Benrnc which is of fofficient importance to require 
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Btnxoie Acid^ which ia of fufficient importance to require 
being deferibed more at large. If benzoin is gently heated a 
little above the degree of boiling wateri it melcs into an adhe* 
five mafs, and at the fame time fends out a very copious* 
denfe, white fume, of an extremely fragrant, diffufive, pene- 
trating fmell, and fo acrid as irrellftibly to excite coughing 
and tears in thofc v/ho are in any degree expofed to it. Tliis 
fume foon condenles on the fit (I cool body, and then appeai;s 
in the form of very beantiful fpicular cryftals, which gra- 
dually coUcit into a bulky feathery mafa, extremely light, 
and of remarkable i lcg;incc and lullrc. This crylUlline mafs 
is the benzoic acid, a d its acid property is proved by red- 
dening I'trnus, neutralizing alkalies, and forming with 
them peculiar fait «3 ; in modern chemical nomenclature called 
Ben'i.oats. After the greater part cf the acul has rifen by 
fiihlimation, or before it, if the heat be at all increafed, a 
thin yellowilh oil rifcs (lightly cmpyreumat’c, but ftrongly 
imbued with the fragrance of the refin. On further heating, 
an acidulous liquor cornea over, together with a thick buty- 
raccous matter; Hill, however, containing foine of thccrydal- 
lizablc acid, which is not totally expelled till the end of the 
procefs. 

This acid is readily folublc in alcohol, and in hot w’ater, 
but fo fparingly in cold water, that a hot faturated folution 
will depolit in crvitals alrroll its faline contents by cooling. 

Several methods have been devifed for obtaining the ben- 
zoic acid. The oldeft and mod expeditious is by fimple 
fublimation. To perform any quantities of it, put ben- 
zoin in an earthen pipkin ; apply to the vcffel a large cone of 
clean white paper, palled down to the edges of the pot, and 
fet it over an extremely flow' cliarcoal, or other fire, juft fuf- 
ficiciit to melt the benzoin. The acid will rife and cryftallizc 
upon theinfide of the paper cone. However, as in tliis me- 
thod the vapour has hardly room to ooncrete, in (lead of the 
paper cone, another vcflel inverted over that which contains 
the rcfin, and with a fmall hole drilled through its bottom, 
maybe fubftituted; and wlien full, it may be gently fliaken, 
to detach the acid, and again applied. From nine to twelve 
drachms may be thus obtained from fixteen ounces of benzoin. 
The remaining rcfin is ftill very aromatic, and fliould not be 
loft. 

Another method has been recommended by Schcele, who 
in his excellent pi*a6lical obfervations upon this fait, has 
treated it with that precifion and ingenuity wdiich fo emi- 
nently diftingiiifh this chemift in every fubjc<^, of greater or 
lefs importance and difficulty, which he has illu ft rated by his 
labours. 

He obferves, that befidcs fublimation, the acid may be ex- 
trafted by lixiviation, and with tlie advantage of obtaining 
it free from any admixture of oil, which is apt to impair its 
whitenefs and lull re. If benzoin is boiled with water, and 
the folution ftr^ined while hot, and fuffered to cool, mod of 
the acid taken up by the hot water depofits w'l.en cold, and 
may then be colkcltd pure. This method, however, is im- 
pcrfedl ; for as the w ater does not mix with and divide the gum, 
this lad foon foftens, and finks down, cloftly adhering to the 
bottom of the veflel, and does not allow of the water eafily to 
penetrate it. Hence the folution takes place only at the fur- 
iace of the benzoin. 

The fume chemift boiled powdered chalk and benzoin in 
water, and tiltrated the liquor. No cryftals were now depo- 
tited on cooling, for the acid had dilfolvcd part of the chalk 
into a benzoat of lime, which, being very foluble, remained in 
the liquor. But on adding fomc drops of vitriolic acid, the 
benzoic acid was again feparated from the lime^ and fell to 
the bottom in a powdery form. Subftituting alkali for the 
clalki the faine cffedl took placc^ and the benzoic acid, as 


before, was precipitated by the vitriolic. But this n^cthod 
was ftill attended with the inconvenience of the benzoin con- 
creting together, which floated on the furface during the 
boiling. But on fiibftituting quick lime this inconvenience 
w'as avoided ; and it is theremre in the following method that 
the benzoic acid may be procured the tnoft copioufly and the 
pureft. Upon four ounces of unflacked lime pour twelve 
oundes of water, and after the ebullition is over, add fix 
pounds more of water ; then put a pound of benzoin, iinely 
powdered, into a tin pan ; pour on it at firft about fix ounces of 
the above lime water; mix them well together, and then fuc- 
ctflivtly the reft of the lime water. By this method the 
refill will be prevented from running together into one mafs. 
Boil the mixture for half an hour, with conftant ftirring, then 
let it (land, and pour off the clear liquor. On the remainder 
in the pan, pour more lime water, and proceed as before, 
adding the clear liquor to that firft oDtaiued, and alfo filter 
the rcfiduc, to exhauft the liquor, which is now a weak folu- 
tion of benzoic acid, with the lime of the limd water. Boil 
down this liquor (which is of a light yellow) to two pounds, 
and ilrain. When cold, add to the liquor muriatic acid gra- 
dually, which will produce a white cry ftalline depofition, and 
continue to add the acid till the liquor is fuperfaturated, and 
taftes fourifh. The ftronger acid thuf unites with tjic lime, 
and the benzoic acid, now free, being of itfclf fcarcely foluble 
in cold water, falls down as a white coagulum, which (hould 
be wafhed with more cold water, and gently dried. To give 
it a cryttallinc appearance, diflblvc it in boiling water, filter it 
through a cloth, and by cooling it will feparate in the form 
of fpicular cryftals, but with fome lofs of the acid. 

The above procefs of Scheclc's may however be a little 
fliortened, if the lime in fubftance be mixed with the lime 
water, previous to the addition of the benzoin ; for by this 
method the folution may be at once made more concentrated, 
and lefs of the liquid will fuffice, fo that much of the eva- 
poration w'ill be faved. Any of the ftronger acids will dif- 
place the benzoic from lime, but the muriatic is the moft 
convenient. 

Schcclc obtained from 12 to 14 drachms of the concrete 
acid from a pound of benzoin by this procefs. 

The benzoic acid, when pure, is quite white; for if yellow, 
it is mixed with a fmall portion of the oil of the refin. 
Though cryftallized, it is confide rably claftic, and difiticult to 
be reduced to powder. Its tafte is (harp, pungent, and 
acidulous. It reddens tiiu'lure of liliniis. When cold, it is 
w'ithout fmell, but on applying heat it fends forth the pecu- 
liar grateful odour by which it is charaAeri/.cd. Heated by 
itfelK it chiefly fublimes, but a part ia decompofed, giving an 
acid phlegm, much oil, and carburetted hydrogen gas. It is 
not alterable in the air, and does not evaporate' by keeping 
in a moderate teuiperatiire. Cold water JifTolvcs only about 
of its weight, but boiling water ; and hence the co- 
pious cryftallizution from a hot water folution. It unites 
readily to moft of the alkalies and cartlis forming benzoats, 
th^roperties of which have been hut little examined. 

The benzoat of lime is ahnull the only full of this kind 
found native. It is contained in the urine of fome animals, 
articularly the herbivorous quadrupeds, and is afeertained 
y adding to this fecretion fome muriatic acid, by which tlie 
benzoic acid is made perceptible. 

With potaih this acid foitns, a readily cryftallizable fait, 
decompofable, like the reft of the benzoats, by a ftrong acid. 

Moti of the metallic oxyds are diiTolved by this acid, but 
not the pure metals. 

Mr. Hermbftadt, in a fetiesof experiments on the aftion of 
nitrous acid on the benzoic, found that the latter regularly 
aiTumed ia tbc proccfi a fmell like that of water diftiUed over 
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bitter almondi, but on the whole, this acid it but with diffi^ 
culty altered in its nature by the nitrous. Diftilling the 
nitro-benzoic acid with pure alcohol, he obtained ethereal 
liquor, part of which was nitrous ether, but the remainder ap« 
^ared, by the fmell of almonds, to be a dulcified, or ethereal 
bwzoic acid. But thefe experiments require to be repeated 
with accuracy, as the powerful operation of the nitnc acid 
on vegetable matter, though highly inftrufikivc, is often not a 
little embarrafiing. 

Several other lubftances, befides the refin of benzoin, con- 
tain more or lefs of this acid. The balfam of Peru, and of 
btyrax, impear to owe to this acid much of their fragrant 
fmeU. Ambergris, vanilla, and feme of the aromatic barks, 
and even urine, contain a fmall quantity of it. When uncom- 
bined with an alkaline or earthy bafe, it is generally known 
by a pungent fragrant fmell, and denfe white rmoke,on apply- 
ing a heatlefs than is ncceffary to burn or dccompofe the tub- 
llance with which it is united. When kept down by an al- 
kali or an earth (as in the cafe of urine), it is feparattd by a 
ilrong acid. It has been ruppofed, with piubability, that the 
fragrant feent is not proper to the acid, but is owing to the 
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prefence of a poition of refin or elTcntial oil, combined with 
it fo intimately u to be infeparable by any means hitheito 
known, without entire dccompofitions of the acid; and 
hence too may be explained the very weak affinity of this 
acid for all bafes, which is generally niperior to no acid but 
the carbonic. 

Guin benzoin is almoll difufed in medicine, tho^h ftill re- 
tained in a few preparations of the London and Edinburgh 
pharmacopceiai. The compound tin&ure TitiSlura Benzori 
Comp^itaf formerly Balfamum Traumattcum, contains gum 
benzoin, balfam of Tolu, and aloes ; and the benzoic acid 
enters into the Edinburgh Tinffura Opti jimmoniaiaf and in 
fome other compounds of foreign difpcnrarics. 

The fragrance of this refin has caufed it to be ufed in 
fumigations of various kinds. Where the objeA is merely 
to pmuce ^ penetrating agreeable feent, it may be of con- 
fiderable ufe ; but as a (orr^ive of foul or contagious air, its 
powers are ven fmall, by no means comparable to tbofe of 
the mineral acia vapours, while the irritation which it gives to 
the lungs is more intolerable. Scheele’s EiTays. Fourcroy. 
Hermbltadt in J. Phyf. tom. 34, &c. 
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BEVEL, in Mafonry^ and amonc Joiners^ a kind of 
fquare^ one leg wliereof is frequently ftraight, and the other 
crooked, according to the fweep of an ard or vault ; being 
alfo moveable on a point, or centre, fo that it may be fet to 
any angle. The make and ufe of the bevel are pretty much 
the fame as thofe of the common fquare or mitre, except that 
thefe latter are fixed ; the firit at an angle of ninety degrees, 
and the fecond at forty-five ; whereas tne bevel, being move- 
able, may, in fome meafure, fupply the office of both, and 
yet, which it is chiefly intended for, fupply the deficiencies 
of both, ferving to fet off or transfer angles, either greater 
of lefs than ninety or forty-five degrees. 


Bricklayers have alfo a bevel, by which they cut the under 
fidesof the bricks of arches ftraight or circular, to fiich ob* 
lique angles as the arches require, and alfo for otlier ufes. 

Bevk l. Graduated^ is that which has about the centre of 
one of its arms a femicircle graten, and divided into 180 
degrees, whofe diameter (lands fquare with the Tides of the 
fame arm ; fo that the end of the other arm, being divided 
at right angles, almoft to the centre, (hews by its motion the 
number of degrees contained in the angle to be meafnred. 
This is alfo called rechianglcf and panfamtter* 

Bevel angle is ufea among the workmen, to denote any 
other angle befidc thofe of ninety or forty^five degrees. 



BEVEL 


SsvEL angle is ufed among the workmen, to denote any 
other anele beiide'^thore of ninety or forty-five degrees* 

Hhtjimbk Bevel (fee Plate ll. Geometry^ jig. 35.) confifts 
of two rulers moveable on a common centre, like a carpen- 
ter's rule, with a contrivance to keep them fixed, at any re- 
quired angle. The centre C muft move on a very fine axis, 
(o as to lie in a line with the fiducial edges CB, CD of the 
.rulers, and projeft as little as poflible before them. The fidu- 
cial edges of the legs reprefent the fides of any given angle, 
and their interfedion or centre C, its angular point. A pin, 
fixed in the lower ruler, and palling through a fcmicircular 
groove in the upper, ferves, by a nut A, which ferews upon 
It, to fix the rulers, or legs, when they are placed at the 
defired angle. 

The ufe of this inftrument may be illullratcd in the fol- 
lowing examples : 

!. Let 3 points, A, B, C, be in the circumference of a 
circle, which is too large to be deferibed by a pair of com- 
pafies ; and let it be required to find any other number of 
oints in the fame circumference. Bring the centre of the 
cvcl to B (fig. 36.), the middle point of the 3 given ones 
A, B, and C, and holding it there, open or (hut the infiru- 
fticnt till the fiducial edges of the legs lie upon the other 
tw'o points, and fix them there by means of the ferew A 
^^1® operation is called fitting the bevel to the 
given points. Then removing the centrfc of the bevel to 
any part between B and A or C, the legs being at the fame 
time kept upon A and C, that centre will deferibe, or be al- 
ways found in, the arc which palfcs through the given points, 
and will thus afeertain as many others as may be required 
between the limits of A and C. In order to find points 
without thofe limits, proceed in the following manner : the 
bevel bcingyr/, bring the cciurc to C, and mark the di^lauce 
CB upon the left leg ; remove the centre to B, and mark 
the diilance BA upon the fame leg ; then placing the cen- 
tre on A, bring the right leg upon B, and the firft mark 
will fall upon a point in the circumference of the ciicle, 
palling through A, B, and C, whofe diilance from A is 
equal to the diftance BC. Removing the centre of the bcvtl 
to the point a laft found, and bringing the right leg to A, 
the fccond mark will find another poitit a" in the fame cir- 
eumfcrencc, whole diilance aa!* is equal to AD, By pro- 
ceeding in this manner, any number of points may be found, 
wbofe diilanoes on the circumference are alternately BC and 
BA. In the fame manner, by making fimilar matits on the 
right leg, points on the other fide, as at r' ^nd c"* arc found, 
w hofe diltances Qc\ r r", are equal to BA, BC refpeftivcly. 
Intel mediate points between any of the above are given by 
the bevel in the fame manner with thofe between the original 
points. 

2. Three points, A, B, and C, being given, to draw a 
line from any one of them, tending to the centre of the 
circle, which paflts through them aD. Set the bevel to the 
three given points A, B, and C (fig. 37.) ; lay the centre on 
A, and the right leg to the point C, and the other leg will 
give the tangent AG'. Draw AD perpendicular to AG' 
for the line required. For BAE being r= BCA, the angle 
EAC is the fuppkmcnt to the angle ABC, or that to which 
the bevtl is fet ; hence, when one leg is applied to C, and 
the centre brought to A, the direftion of the other Ug mull 
be in that of the tangent G'E. 

3. 'rhree points being given as before, let it be required to 
draw fixim a fourth given point D^ a line tending to the cen- 
tre of a circle paffwg through the firll three pointp. On 
D (fig^S^^h with the radius DA deferibe an arc AK ; 
fet the bevel to the three given points A, B, and C, and 
bring its centre-, alwf.ys keeping the legs on A C, to 
fall on the arc AK» as at H j on A and H fevcrally, with 
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any convenient radius, ftrike two arcs, croffing each other 
at I ; and the required line Di/ will pals throng the points 
I and D. For a line drawn from A to H will be a common 
chord to the circles AHK and ABC ; and the line ID hi- 
fc£ling it at right angles, mud pafs through both their 
centre.'-'. 

Three points being given as before, together with a 
foiirih point, to find two other points, fuch, that a circle 
palling through them and the fourth point, lhall be concen- 
tric to that palling through three given points. Draw Ac 
and Ce tending to the centre, by a former problem ; fet 
the bevel to the three given points A, B, and C ; bring the 
centre of the bevel to D, and move it upon that point till 
its legs cut off equal parts AN, CQ^ of the lines A^s 
and Cc ; and N and will be the points required. For, 
fuppofing lines drawn from A to C, and from N to the 
fegments ABC and NDQ^will be fimilar ones.; and confe* 
quently, the angles contained in them will be equal. 

5. Two lines tending to a diftant point being given, and 
alfo a point in one of them; to find two other points (one 
of which mud be in the other given line), fuch, that a cir- 
cle palling through thefe three points may have its centre 
at the point of intcrfc6lion of tne given line?. Draw EH 
(fig. 39.) at right angles to AB, and make FH == FE ; 
let the bevel to the angle GDO, and keeping its legs on the 
points H and E, bring its centre to the Im^ AB, which will 
give the point I. 

An improved bevel is exhibited in^/ 55 i* 4 ®* by which the 
arcs of circles of any radius, without the limits attainable 
by a common pair of compaffes, may be deferibed. It 
confifts of a ruler AB, compofed of two pieces rivttrtd 
together near C, the centre or axis, and of a triangular part 
CFED. The axis is a hollow focket fixed to the triangu- 
lar part, about which another focket, fixed to the arm CB 
of the ruler AB, turns. Thcfc fockets are open in the 
front for part of their length upwards, as repreftnted in the 
fe£lion at I, which (hews the point of a tracer, or pin, fitted 
for Aiding in the focket. The triangular part is furnilhed 
with a graduated arc DE, by which and the vernier at B, 
the angle DeB may be determined-to a minute. In this arc 
is a groove, by means of which, as w'cll ashy the nut and ferew 
at B, or feme fimilar contrivance, the ruler AB may be 
fixed in any required pofition. A (calc of radii is put on 
the arm CD, by which the inllrument may be fet to deferibe 
arcs of given circles, not Icfs than 20 inches in diameter*. 
In order to fet the inftrument to any given radius, the 
number expreffing ut in inches on CB, is brought to cut a 
fine line drawn on Cl), parallel and near to the fiducial edge 
of it, and the arms are faftened in that pofition by the ferew 
at B. Two heavy pieces of lead or brafs G, G, made in 
form of the fedlor of a circle, the angular parts being of 
fteel, and wrought to a true qpright edge, as (hewn at H, 
are ufed with this inftniment, whofe arms are made to 
bear agajnil thofe edges when the arcs are drawn. The 
under fidcs of thefe fc^lors are furniihed with fine ftiort 
poi.its to prevent them from Aiding. The fiducial edges of 
the arms CA and CD, arc each divided fj om the centre C 
iiito 200 equal parts. This inftrument might be furniftied 
with fmall caftors, like the pentagraph ; but little buttons, 
fixed on its under fide, near A, E, and D, will enable it to 
Aide with fufficient eafe. 

The ufe of this inllruuicnt may be exemplified in the fol- 
lowing problems t 

l. To defenbe an arc, which Aiall pafs through three 
given points.— Place the fedors G, G', with thtir angular 
edges over the two extreme points ; apply tbfc arms of the 
bevel to them, and bring at the fame time its centre C, that 
is, the point of tlie tracer, or pen, pul into tlxe focket, to the 
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llic two feftorf, till It cornel 
to thr r ;;ht^l>;ind ioft^r, !)/ ^^’h^ch the required arc will I>e 
deicrilv’d hy t!ie ir.otM^n (;f cei:lre C. If the arc be 
V «ui{ d ii) jjarr of the di a\v’iu;i[ wkhoat the given points, 
liiid by ( fife K \va]inj!>vj !t* bcvdy other points ia thofe parts 
wlit're ihf «rc is required; ar.d thus a given arc may be 
IrMgtliPiK-^d n-» as ii: neccithry. 

2. (lefrribc an arc of a given radius, not lefs than 
10 ]rchc;'..-«Fix the arm C B fo that the part of its edge, 
c rrefponciag tu the given racliMS, always reckoned in inclu's, 
way be over the i:ne Ime draw’i on C D for that purpofe ; 

the cCiitre to the point through which the arc is re- 
qu’V’-'fl to p;ir’>, u’nl clifpufe the bevel in the diredtion in 
which it i: inlcuded to be drawn ; place the feftors G, G, 
exaftly to tlie d.vilionc lOO in each arm, and ftrike the arc 
as above defenbod. 

j. The bevel being fcl t3 ftrike arcs of a given radius, 
a<v ip. the Lift i j'Lmce, let ii bo required to draw other arcs, 
whofe radh f!jall IcivVi a giveii proportion to that of the 
firft arc. Sriopor’*: the h vel to be fet for deiVribing arcs 
of JO ineluo radun;, and it be required to draw arcs of 
6o Ineh^s r iclius, with the bevel fo feu Say, as 50 is to 
60, Jo is the conliant number 100 to 120, the number on 
the anus C A and Ci), to which the fedlors mull be placed, 
in order to clcfcribc aici of 60 inches radius. When it is faid 
that t.hc bevel is fet to dnuv aar, of a particular radius, it 
is hUvavs underllocd that tlu* feftors G, G, are to be placed 
at ri^ 100 on CA and C 1 ), \shen thofe arcs are drawn. 

q. An arc AC B 41.) lieing given, let it be required 
to draw oth<*r arcs conceiitiic to it, wliiclt fhall pafs through 
jjlvcn points, e. g, P. Through the extremities A artd B 


of the given arc, draw lines A^, B/, tending to its centre, 
bv cafe 3. xmAaxftuiple bevel* Take tne ncareft diftance of the 
g^iven point V from the fire, and fet it from A to P, and from 
B to P. Hold the centre of the bevel on C, any point near 
the middle of the given arc, and bring its aims to pals through 
A and B at the lame time, and fix them there. Place tne 
feftw s to the points P and P, ahd with the bevel, fet ai 
before direfted, draw an arc, which will pafs through F the 
given point, and be concentric to the given arc ACB, 

5. Through a given point A ffg* 42.) in the given line, 
to ftrike an arc of a given radius, and whofe centre (hall lie 
in that line, produced if ncceffary. Set the bevel to the 
given radius, by cafe 2. Through A, at right angles to 
AB* draw C D ; lay the centre of the bevel, fet as above, 
on A, and the arm CA on the line AC, and draw a liue 
A E along the edge CD of the other arm. Divide the an- 
gle DAE into two equal parts by the line AF, and place 
the bevel fo that, its centre being at A, tliC arm CD (liall 
lie on AF; while in this fituation, place the fedlors at 
100 in each arm, and then ftrike the arc. 

6, An arc being given, to find the length of its radius. 
— Place the centre of the bevel on the middle of the arc, 
and open or fliut the aims till N'*' 100 on CA and CD, fall 

, upon the arc on each fide of the centre 5 the radius will be 
found on CB (in inches) at that point of it, where it is cut 
by the line drawn on CD, If the extent of the arc be not 
equal to that hctwetui the two Nos* icx), make ufe of the 
*N^ 50, in w hich cafe the radius found on C B, will be double 
of that fought ; or the arc may be lengthened by prob. 1, 
till it be of a fulficlent extent to admit the two Nos. 100, 
Adams’s Geometrical and Graphical Effays, by Jones, 1 797. 
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BIRMINGHAM* is juftly eft^med the greateft manu- 

ffl^urinpr town in England, and we may fafely alTert* that in 
the quantit^r, variety, elecrance, aod utility of its manu- 
factured articles* it furpafTrs any town in Europe. To 
enable the ftranger and foreigner to appreciate the ge- 
neral character of this place* with its various fubordinate 
features, we will endeavour to depid^ them to the fancy* in 
a concife and perfpicuous narrative. Its diftinpifhing cha- 
raderiilic is appropriately difplayed in the following lines 
by Mr, Jtgo, in his poem of “ Edge-hill,” 

” *Ti8 noife* and hurry all.— the throngM ftreet, 

The clnfe pil’d warthoufe, and the bufy (hop. 

With nimble ftroke the tinkling hammers move | 
While (low and weighty the vaft fledge defeends. 

In folemn bafe refponfive, or apart, 

Or focially conjoined in tuneful peal, — 

How the coarle metal brightens into fame. 

Shap’d by their plaflic hands! what ornament 1 
What variouB ufc !— Nor this alone thy praife* 

Thine too of graceful form* the letter’d type I 
The friend of learning, and the poet’s pride/’ 

The etymology of the name of this town is not readily at- 
tained, as it has been written Brumwychcham* Bromwy- 
ebam* and various other ways ; indeed, in common conver- 
fation, it is frequently pronounced Bromidgham. The 
town lies near the centre of the ifland, in the no^^l•wef- 
tem extremity of the county of Warwick. It is in the 
dioctrfe of Lichfield and Coventry, in the deanery of Arden* 
and in the hundred of Heraliogmrd. The fuperficial con- 
tents of the pari(h are 2864 acres. In 1800 here were 16,403 
houfes, 1875 of which were uninhabited. The wholt popu- 
lation was 73,670, of whofti 34>7 i 6 were males, agd 38,954 
were femalrs. 

In the fcalc of national importance, Birmingham bears 
an exalted fituation 5 without recurring to its ancient hif- 
tory, the modem inhabitants have* by laudable induftry, 
raifed it perhaps to the acme of manufacturing and cona- 
mercial fame. The fagacious and elegant BurJke emphati- 
cally pronounces Birmingham the ** Toy Shop of Europe,” 
This deflgnation muft not, however, be taken in ita literal 
fenfe, aa the articles of utility made in this town far exceed 
thofe intended only for (hew and ornament. Many of our 
cities are attractive for their venerable ruins and grand cathe- 
drals, but of thofe Birmingham is deftitute. The traveller, 
who delights in feeing the human race profitably employed 
to their own, and their country’s advantage, will diirejgard 
the fmoke which fometimes envelopes the town, and diicern 
through the veil the bright beanss of induftry enlightening 
vaft piles of riches : jullicc, however, will compel him to 
acknowledge, that profligacy has contrived to infinuatc itfelf 
within too many dwellings of the labonring claflTca, pro- 
ducing idlene fs, difeontrnt, drunkennefs, and riots, of which 
feverai inftances might be cited, cxclufivcof that grand con- 
vulfioo which attended the commencement of that revolu- 


tion in France, which in its confirqueners hasio itvcrelyop- 
prefted this, and almoft every other nation. The Ikcnild- 
ftreet, one of the great Roman military roads, cornea within 
a mile of Birmingham, and in Sutton park and Coldfield, 
four miles from the town, it remains nearly as perfeCt as 
if juft completed ; one of the principal evidences of the 
antiquity of Birmingham is, that it is contiguous to two 
Roman roads, the Ikenild, and Shirley ftreets. 

The family of Birmingham were lords of this manor till 
which period it is faid to have been obtained by 
the duke of Northumberland, through the fuccefs of a deep- 
planned fcheme. Having endeavoured in vain to purebafe 
It* he contrived to make Edward Birmingham appear as an 
accomplice in a highway robbe^, and offered him his intereft 
to fave a forfeited life* on condition of felling him the manor. 
The manor-houfe, which is now called the mote, ft ill remains, 
though the fite has been converted into a manufaAory^ and 
an apartment is (hewn, where the ancient Ibrds held their 
court-leeta. 

The pari(h of Birmingham is fmaller than any in its neigh- 
bourhood. Mr. Hutton obfrrves, that when Alfred founded 
a town, he allotted a much fmaller fpace of land to it, than 
when be portioned a village, obvioufly intending the former 
for trade and commerce, and the latter for agriculture ; this 
circumftance feems to prove that Alfred found Birmingham a 
town, ** The buildings occupy the fouth-eaft part of 
ri(h, which, with theirappendages, are about 800 acres. Tnis 
part being infufiicient for the extraordinary increafe of the 
inhabitants, (he has of late extended her buildings along 
the Bromfgrove road, near the boundaries of Edgbafton, 
and on the other fide planted fome of her ilrcets in the pa- 
ri(h of Afton.” 

** The fituation is elevated, and the foil one folid mafs of 
dry, reddifli find, through which the water defceods freely, 
thus making even the cellars comfortable habitations the 
fame author adds facetioufly, that though metals of varioua 
forts are found in great plenty above the furfacc, we know of 
nothing below except fand, gravel, (lone, and water. All the 
riches of the place, like thofe of an empiric in laced clothes, 
appear on the outfide. ** There is not any natural river in the 
pari(h, but in the lower parts of the town are two excellent 
tprings of foft water, fuitable for moft purpofes, one at the 
top of Digbeth, the other Lady well $ and at the latter 
^ace are feven of the moft complete baths in the kingdom. 
They coft 2000 /• in eredling, and are ever ready for the 
accommodation of hot or cold bathing, for immeifion or 
amofement, with convcnicncy for fwcating. That appro, 
priated to fwimming is 18 yards by 36, fitnate in the centre 
of a garden, in which are 24 private undreifing houfes, and 
the whole furrounded by a wall ten feet high.” 

Mr. Hutton mentions feverai inftances of longevity, 
which 'feem to deroonftrate either that the atr is too pure to 
be rcodeccd unwhoiefome by the Cinokc of the town, or that 

ftnokc 
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fmoke and fteam are not fo prejudicial to liealtli aa have 
been imagined : his inftances arc one pcrfon aged 10O9 a fe« 
cond 103, a third 104, and a fourth i07»four upwards of 9O9 
and 1 3 upwards of 80. * 

Birmingham is not a place a gentleman would chiife to 
make a rcfidence. continual noife and fmoke prevent 
it from being defirable in that rcfpedl. 

Many ancient families who once flourifhed at and near 
Birmingham, arc mentioned by Mr. Hutton to have falieii 
into irretrievable decay ; one inilance is wortli tranfciibing. 

We have among us a family of the name of Middlcmore, 
of great antiquity, dediiciblc from the conquell ; who held 
the chief poUeflions, and the chief olBces h the couiity» 
and who matched into the tiril fan.ilics in the kingdom, but 
fell with the interefl of Charles i.9 and are now in that low ebb 
of fortune, that I have frequently, with a gloomy ple:ifurc, 
relieved them at the common charity board of tlie town.'^ 

It appears upon record, that in 1251, Wilham de Bir- 
mingham, lord of the manor, procuied an additional charter 
from Edward III. reviving lomc decayed privileges, and 
granting others ; among the lail was that of the Whitfuntide 
fair, to begin on the eve of Holy Thurfday, and to con- 
tinue for four days. At the alteration of the ftyle in 1752, 
it was prudently changed to the Thurfday in Whitfiin 
week, that lefs time might be loft to the injury of the 
manufadlurcrs and their workmen. T)ie fame peiTon alfo 
procured another fair, to begin on the eve of St. Mi- 
chael, (which is commonly calhd the Onion fair, on ac- 
count of the great quantity of onions fold at the time) 
both of wliich are at this day in great repute. The Iiorfe 
fair, which formerly was kept in Edgbalion-ftrcet, was, in 
1777, removed to Bdck-kiln-lane ; and that for beafts, which 
ufed to be in the High ftrcet, into Dale end, in 1769. 

Near Birmingbam, on the London road, is Camp-hill, 
where the army of ptince Rupert were encamped, during 
the (iege in 1643. The inhabitants are accufed of dil- 
loyalty by lord Clarendon, for feizing the carriages which 
contained the royal plate and furniture. The prince, with 
2000 men, had been commanded by the king to open a 
com uuiiication between Ojeford and York, but the hardy 
and imprudent inhabitants of this town dared to oppole 
this force, with only a company of foot, and a troop of 
horfe. Though they had thrown up fomc flight works, 
and blockaded the ftrects yet the king’s army forced 
through thefe trilling obftrudions, and entered the town 
fword in hand. The earl of Denbigh, a royalill, was killed 
in this affair, as was a clergyman who adled as governor for 
the parliament, and who refufed quarter. Birmingham had 
a narrow efcape from deftrudion, for the exafperated com- 
mander ordered the place to be burnt, but feme favourable 
circumftance conHtied the conflngratiou to a few houfes in 
Bull-ftreet. 


ham was only but now there are nearly tgo f befidcs, 
fevcral of the oldeft are confiderably improved and augment- 
ed. This will, in fome meafure, aflift the imagination in com- 
prehending the amazing increafe of the town in fize, wealth, 
and manufadures, during that time ; and it is no prefump- 
tion to fuppofe, that it has not yet arrived at its zenith ; 
one inftance of increafe will be fullicient to point out 
the general improvement. Between the roads to Wolver- 
hampton and Dudley, there were only three houfes March 
14, 1779* By that (lay twelve months they increafed to 
55, and March 14, 1781, there were 144. The fame day 
ill 1791, there was an addition of 833. 

Thomas Sherlock, bifliop of Loudon, purcliafed of the 
ladies of the manor in 1730, land worth 400!. per annum ; 
in 1758, the income was doubled. He always refufed to 
let it on building Icafes, alleclging, that his fucceflbr would 
be compelled to remove the rubbifh at the expiration of the 
terms ; lir Thomas Gooch, who held the land after the 
above prelate, procured an ad about 1 766, for fetting afide 
the prohibitory claufes of the bidiop’s will ; immediately 
let the |;round, and improved the rents to 2400!. per 
annum ; it appears from the books of the poor-rates, that 
lefs than 5000 houfes pay the parochial dues, and more 
than 8000 houfes are exempt ; this fad denotes the prevail- 
ing defeription of population. 

MatiuJa 3 urtSt Eif r. The extraordinary increafe in the fjzc, 
population, and profperity of Birmingham, arifes principally 
n*om its proximity to the coal mines, from the nature of the 
foil, from its canals, from the fucctfsful exertions of a few 
individuals in fome manufaduring fpeculations, and from its 
bcin^ exempt from borough, and corporate laws and 
reftridlons. To inveftigatc and detail the whole of thefe 
caufes, with their effeds, would occupy more fpace than we 
can confiftently appropriate. The moft prominent charaderif- 
tics, however, fliall he narrated. To the late John Taylor, efq. 
a man of great induftry and ingenuity, tiie public are in- 
debted for tlie gilt button, the japanned and gilt fnufF- 
hox, with the numerous clafs of enamels ; alfo the painted 
fnuff-box, at which employ, one fervant earned 3 1. los. per 
week, by painting them at a farthing each. In his (hops 
were weekly manufadured buttons to the amount of 800 1. 
exclufive of other valuable produdions, and eighty guineas 
have been given him for a finglc toy made at his (hop. He 
died in 1775, » fortune of 

200,oool. His ion is now partner in one of the largeft pro- 
vincial hanking houfes in £ngland. 

The greauft and moft noted manufadory of this place, 
and perhaps in Europe, is that at Soho, about two miles 
from Binningham. This is the property of MelTrs. Boulton 
and Watt, who have advanced certain pieces of mechanifm 
and produdions of art to a ftate of excellence, that 
have excited the aftonifhment and admiration of na- 


The plague of 1665, was imported into the town in a tioiis. The large warehoufes, work-Hiops, and the clc- 
boxof cioaths brought to the Wnitc Hart inn. Hence the gant manfion of the former gentleman, cover the declivities 
fatal poifon infinuated itfclf through the ftreets and houfes, of a hill, which a few years back was a barren heath, tenanted 
deftroying great numbers of the inhabitants, whofc bodies only by rabbits, and a warrcncr’s hut ; now this once defo- 
foon filled the chnrch-yard, and alfo an acre of land at Lady- late feene is (jonverted into an emporium of arts and beau- 
wood grccn, which was afterwards called the Peft-ground. tics. Such arc the wonderful powers of human ingenuity 
Although fomc degree of eminence attached to Birming- and induftr)'. In 1757, contiguous 

Lam previoufly to the reign of Charles II., yet it is from land, was leafed for 99 years, to Meffrs Rufton and Evans, 
that period that its rapid increafe mutt be dated. Build- w'ho eredled a houfe and a mill for rolling metal, dec. At 
ing leafes then became common, and numb^ of houfes Lady day 1762, Mr. Boulton bought the whole, and re- 
arofe to accommodate the incrcafiiig population which aflem- moving to it ioon afterwards from Birmingham, commenced 
bled, in confequence of the cultivation of the mechanical the prefent cxtenfive premifes, which were nearly completed 
arts, in 1765, at an expence of poool. He now admit- 

About the year 1 700, the number of ftreets in Birming- ted a partner, Mr. Fotbergilf, into the concern, and 
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e^ablifccJ an cxtenfivc c'rrrcfpoiulr'ncc throughout Eumpf, 
'fo obtain and fupport a reputation, every encouragement 
was afFor ?ed to men of j^cnius in drawing, modellincr, a'id 
other branches of the pr^e. An imitation of or mnlu in 
▼afe^, tripod*, 9»nd candtl^hras*, was adopted, accompanied 
by fo much flcill and elegance, that univerfal approbation 
fol.owed ; this ltd to tiie maniifaAure of wn ught Mver, 
and an application \va'» made to parliament m i77J* h>r '-n 
affay OiTue, to be e!l«biiiTied at Bi»m ngham, Tlie p*/»y- 
^raphic art had its origuj ?.r Solio. Trds method of ci'py- 
ing piftures in oil, by a mechanical proi.cfs, was condmied 
by F. Egiuton, who has hnee tx cnttd a jirtat inmhcrof 
line fpccimcns of p vintiiip’. «r ihii-cng oi . Tim ra- 
cau'iic mode of Jlainnii;'; glafs, or lu ng the vivid aud fine 
jtr*idii ting colours itp.ai that tranfoarent untcrial, was 
fuppofed to he loll, but it hay been revived and brought to 
grcxit pci itdiioii by ti.is gen’ U-inan. liJicce he h\s 

executtd ftvcral birge windows for var.uus Ccilhcdrals, 
churches, aud gentlenien’fl m-iuriohs. (Set Gla^*, Faikt- 
ING.) Ainoi.g ihe vaiioiH mcwhiim.., mv'Otvd a. id 

conllruftcd at Soho, there is one er.titlcd to d il n^u llicd 
notice for iu naSonnl uli!i« y and i 'r^.perta cc. This 

is the Jkam wluch has acquhxd t\ir..o'-diiiaiy force 

Slid iinpruveiiien’3 by Mr. Jamis Walt, on* of tlu pro- 
piict rs <f the S /ho lnm. To Iiim the Icicnlifu; woild 
is much indebted tor various otiicr inventions and im- 
provc'UicntG iti mechanics. With a vigorous comprehen- 
livcnefs of mind, he embraces c’\cry muihcmut’cal and me- 
chanical fiibj- ft from the limpleft to the molt complex and 
profound. Me procured a patent for the lU-am engine in 
lyOl?, and feven years afterwards, entering into partncifiup 
with Mr. B;ulton, b<gan to conftruft thole madunes at 
Soh'. buicc that period, they have been generally adopted 
in the mines and manufaftories all over the kingdom* (See 
Stfam Engine) Ti.e following lift of curious and ufe- 
fui articles are manufaftnred at thefe works, which, when 
fully employed, give fuppoit to upwards of 600 labourers. 
Buttons of all kinds; pohrt’.ed fteel, and jettina ftecl-toyb ; 
oliHied lied watch chains ; patent cork-ferews, 5 cc. Buc- 
les and lachet? of all forts ; plated and filver goodt fcr the 
dii.ing and tea-table, lide-board, &c, 3 medals and coins of 
various fixes and m^^tals. The late beautiful new coinage 
of copper, and alfo the re*ftamped dollars; all come from the 
Soho mint. The coining mill or engine firft crefted here in 
17S3, has been much improved fince that period, and is now 
adapted to work eight machines at once, each of which will 
flrikc from 70 to 84 pieces per minute, the fixe of i guinea; 
or between 4,000 and <5,000 per hour. Fhus the eight 
machines will work between 30,000 and 40,000 coins in 
one hour. Thefe machines are operated on by the ft earn- 
engine, and perform the following procefles: i ft. rolling 
the mafles ot copper into flititts ; 2nd, fine rolling of the 
fume cold, through cylindrical ft^el rollers; 3rd, clipping 
the blank pieces of copper for the die ; 4th, (baking the 
coin in bags ; 5tb, ttriking bolh fides of the coin,, and mil- 
ling it, at the fame time difplacing it, and placing another for 
the fame operation. To its other properties, this ingenious 
machine adds the almoft magical one of preventing fraud, 
by keeping an accu’'ate account of every coin which paiTet 
through it. Dr. Darwin has deferibed this Angular appa- 
ratus in the following appoute poetical lines : 

Now his hard hands on Mona's refied creftf 

Bofom’d in rocks, her azure ores arreft ; 

With iron lips his rapid rollers feize 

The lengthened bars in their expanfive fquecze; 

Defccnding ferewa with ponderous fly-wheels wound 


The tawny plates, the new medallion’s round $ 

Hrri dies of ftc-el, the cupreous circles cramp. 

And with quick fall, his maffy hammers ftamp. 

The harp, the lily, and the lion jv->in. 

And Gtorge and Bntain guard F c fplcndid coiii.'^ 
Rrdhd metrls of all kinds of mixtures, are prepared here; 
befidts pnviimat’cnl apparatus, large and portable ; alfo co- 
pying muchiaes, and in Ihort, almoft every fort of aitide for 
ufe or ornament. 

B.lidrs the manuriftorits already named, Birmingham 
contains fcvcial others, uhxh are entitled to cur conlidrra- 
tion ; and blthough we canvot a!i‘>\v Ip.'icc for particulats, 
yet we mull not pafn them altogether unnoticed. 

MiflVs. Richards's in Migh-llreet, is ftyUdthe ttyy.fhop of 
Birmingham; the eleg'‘nce and vaiiety ot the articles arc not 
to be equalled, with the exct»ptiou of the (hoW‘room at 
Soho. Mr. Clay's j ipau niairufaftory is not Irfs celeb ;ttcd, 
particularly when it is coididered that tl.c japan is fixed 
on common brown pap^r. To thofe may be added Clarke 
and Aftimoie^b manufaitv'ry of whips. Gill's gun, bayui tt^ 
and Iword maniifaftory, fuppofed to be one ot the beil in 
the world ; ?rd Gabon's for fporting guns. Pievious to 
the reign of William 111 . guns were inoftly imported fiom 
Holland ; but that monarch having once cxprtffed fomo 
regret at tins circumftancc, and deplored the nectfruy of 
fending abroad for the aiticle, Sir Richard Newdi- 
gHte, M.P. for Warwick fiiire, being prefent, affured the 
king that his conftituents would undertake to (upply the 
demands of government. An order was given, and being 
readiiy and correftly executed, Birmingham has continued 
from that ptiiod to be tl.e great and principal place of 
maiuifadurc for this deftruftive weapon. Sec Gun ^ 

Eeather appears to have been manufafturcd here in great 
quantities in the early periods of the hiftory of Birmingham ; 
but in 179^*5, there was but one tanner in the place. 

Within the laft century, the manufafturc of ftcel into 
almoft every kind of toy and ornament took its rife : a 
large ftrcct bears the name of ’Stecl-houfe-lanc, from the ex- 
tcnfive works carried on there. Here are alfo very large 
brafs works erefted on the banks of the canal, on the road 
to the five wnyp, near which ftand the ruins of the manfioti 
built by the late John Baikcrville, who made great improve- 
ments in the art of printing. Sec Baskervillb. 

Places of /Imufement and Cnriojity. In New- ftrcct is t 
mufeum, or repofitory of natural and artificial curiofilict, the 
property of J. Bifict, a gentleman who has publiHud fomc 
ingenious poems and ufeful bookf. His •• Magnificent 
Direftory," is n novel, handfome, and ufeful work, in which 
arc contained elegantly engraved, emblematical cards of ad- 
drefs of a great number of the merchants, manufafturers, 
tradefmen, &c. throughout England. 

The firft Theatre eftablifhed at B'rmingham was fituated 
in Moor-ftreet about 1740; that in King-ftrect was crcftcd 
1765, and enlarged 1774; in the fame year it was tranf- 
ferred to a religious focicty ; and another built in New-ftrect, 
at art expcnce of 5660I. and managed with great fuccefa 
by Mr. Yates. In 1791, it was burnt by fomc incendiaries, 
avho have never been difeovered; fince that period, the 
proprietors have rebuilt it in a very fplcndid manner for 
14,0001. with an affcmbly room and a tavern annexed to it. 
Mr. Macready of Covent Garden theatre, is the prefent ma- 
nager, who generally prefents his audiences with the heft 
London pcrlormcrs during the fummer months. Concerts 
and mufical parties arc held weekly during winter j and 
the fumtaer produces a variety of public gardens, the prin- 
cipal of which are Vauxball aud Spring-gardens. 
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Govemmem. Birmingham is governed by three lAing 
magiftrates ; the officers chofen annually are the high- 
i)ailiff9 who infpeAs weights and dry meafures^ and the mar- 
kets ; the low-bailifF, who fummons juries, and chufes all 
the other officers ; two condables and one headborough ; 
two high tadcrs, who examine the quality of beer and its 
meafure ; two low taflers or meat conners, who infpeA the 
meat expofed to fale, and caufe that to be deftroyed which 
is unfit for ufe ; two afiPcircrs, and two leather-fellers, whofe 
offices are now only nominal. 

Deritend, a hamlet of Birmingham, fends its inhabi- 
tants to the court lect of that town, where all the 
above officers are chofen and fwom, in the name of the 
lord of the manor. 

An aA of parliament paiTed in 1752, which eftablifhed a 
Couri of Requejiiy confiding of 72 commiffioners, three of 
whom are a quorum ; they fit every Friday morning in a 
room of the Red Lion inn ; the clerks attend to give judi- 
cial affidance, who are always profeffors of the common law, 
and chofen by the lord of the manor and the commiffioners 
for life : ten of the commiffioners arc ballotted out every 
otheryear, and ten others eleAed from among the inhabitants. 
'The beneficial edeAs of a humane fociety for the recovery 
of fufpended animation were drft extended to Birmingham 
in 1790, About the fame period a committee of refpeAable 
inhabitants was edablifhed to watch over the common in- 
tereds, under the title of the Commercial Committee.’* 

In 179 If W. Viilars, efq. then high bailiff, opened a mar- 
ket for haw^ draw, 5 :c. 

A public library was founded in 1779, vrhich has flourifhed 
greatly, and contains nearly io,cx)0 volumes, fupported by 
upwards of 500 fubferibers. An elegant pile of building 
was ereAed in Withering-dreet for the purpofes of the in- 
ftitution in 1797. A rival made its appearance in 1796, 
with every prolpeA of fuccefs ; befldes thofe, there are 
medical and law libraries, and many reading focieties. Bir- 
mingham contains two churches, and four chapels | befides 
ieveral meeting houfes. 

Cljurtbet. St. Martin’s church, denominated the Old 
church, was raifed previoufly to the year 1300. It is of done, 
And occupies the fite of, oris the Brd facred building belong- 
ing to the place. In 1690, it was thought neceffary to cafe 
•the church and tower with brick. The walls fiipport the arms 
and monuments of feveral titled and ancient families. Under 
the fouth window are two of white marble, one of which is 
fuppofed to have been creAed for William de Birmingham, 
who was captured by the French at the fiegeof Betiegard in 
1 297. He wears a (hort mantle, 5 cc. and bears a fliicld with 
the bend lo7,engc. This church was repaired and altered in 
1786, at an cxpence of 4000 1 . The patronage belonged to the 
family of Birmingham till 1537, fincc which period it has 
been poffeffed by the Dudleys, the crown, the Marrows, 
the Smiths, and finally the Tenants. The rcAory was 
valued in king's books 1291, at 5I. per annum, and in 
2536, at 19L 31. 6d. The income is now upwards of loool. 
and expeAed to be aocoU after the expiration of certain 
ieafes. 

St, Pbilip*s^ or the Ne*tv church, is a handfome pile of 
building, but how Mr. Hutton or any other perfon could 
fancy and fay that the llceple is ereAed after the model 
of St. Paul’s in London, but without its weight,” is to us 
tncoRceivable, as there is not a line of it that reminds the 
fpcAator either of the dome or turrets of the metropolitan 
edifice. It muftbeallowed that the tower of St. Philip’s Wffies 
with an attic and a diminutive cupola, but there ends the 
vefembhince. This church is advantageoufly fitnated on 
an cminenccy and the file was given by Kobcit Philips, efq. 


It was begun by aA of parliament in 1^1 1, under a eommif* 
fion confilting of to or the neighbouring gentry appointed 
by the bifhop of the diocefe under his epifcopal leal. In 
1715, it was confecrated, and iinifhed in 1719, at the real 
coft of only 501 2 1. though the cllimatod vahic was nearly 
20,oool. This circiimftancc arofe from the gift of materialsf 
&:c. The church-yard confiits of four acres, and is iiitcr- 
feAed by handfome walks, (haded by trees in double and 
treble rows, and is furrounded by elegant buildings. Two 
thonfand perfons may be conveniently accommodated in 
St. Philip's church, which has contained nearly 3000. 
William Higgs, firft reAor, founded a theolcgical library 
for the life of the neighbouring clergy, and bequeathed 
200I. to a\!ginent it. The Rev. Spencer Madan creAed 
a room in 1 792, adjoining the parfonage, anrl termed it the 
parochial library. The rcAory is worth about 300I. per 
annum. 

Su Bariljfome^tu^s Chapel ^ capable of containing 800 per- 
fons, was creAed in 1 749, on a fitc given by John Jenneiis, 
efq. an opulent land-holder of Birmingham. Mrs. Jenneiis, 
through the good offices of Mrs. Weaman, added loooK 
and the remaining fum was received in contributions from 
pious inhabitants. The chapel and tower are handfome, 
and the former prefents a line north and fouth. The altar- 
piece is the gift of Bafil, carl of Denbigh, and the com- 
munion plate that of Mary Carlefs. 

St, Mary*s Chapel crcAcd in 1774; on a fpot 
of ground given by Mary Weaman, whofe family has the 
patronage. The incumbency is valued at tool* per 
annum. 

St, Paurs Chapel is a (lone building creAed in 1779, by 
virtue of the fame aA which founded St. Mary’s. Charles 
Colmorc, efq. gave the ground \ a ftceple is intended, 
and the call window was decorated in 1791, with 
painted glafs, reprefenting the converfion of St. Paul, 
by Francis Eginton, who received 400 guineas for the 
fame. 

The houfe of a celebrated phyfician of Birmingham, 
Dr. Afh, was purchafed in 1789 by an attorney, who con- 
verted it into an elegant chapel, at the expence of his own 
ruin, where he caufed the fervice of the church to be chanted 
by a numerous choir, accompanied by an organ. Dr. 
Croft, and fomc other clergymen, afterwards purchafed it, 
and engaged to officiate there regularly. The congregation 
chiefly coufifts of foldiers from the neighbouring barracks* 

Diffentinyr Meeting Houfes, Old Meetingflveet received its 
name from the old meeting crcAcd in the reign of William 
III. which was deflroyed in 1791 by the mob. The truf- 
tccs recovered 1390I. 7s. yd. damages, and rebuilt the pre- 
fent building, at an cxpencc of 5000I. 

The AW Meeting built 1730, (hared the fate of its parent 
in 1791, and has never been rebuilt. The celebrated Dr. 
Pricftlcy prtfided over the fpiritual concerns of this place of 
worfliip at the period of its deRruAion, and narrowly ef- 
caped perfonal injury, or perhaps death, from the furious 

S opulace. He fled, and finally retired into exile, within the 
ate of Pennfylvania. where lie died 1804, 
of an excellent philofopher and ei^erimentalifl;. (See 
PaiESTLEV.) The truRees having loft their licence, could 
not recover damages, but the king granted his warrant 
upon the treafuiy for 2000I. 

The Union Meeting in Livciy-ffreet, originally an amphi- 
theatre for the exhibition of cqueftrian exercifes, being un- 
occupied at the period of the riots, the congregations of 
the two meetings hired, and converted it into a place of 
worfhip. After the re-crcAion of the old meetinjg, they 
feparaudi refigning the Union meeting to the i7*w 



BIRMINGHAM 


•flembly, who occupy it till their place of worfliip is 

re-built. 

Carrs»Lane Meetings a kind of chapel to the old meeting, 
was ere6tcd in 1748. Thiafociety has 800I. bequeathed by 
John Ent^land in 1771, and 40I. t8a. per aunuin^ termed 
Scotia tfuft. 

A Baptffi Meeting in Canon-{lreet| was founded in 1738, 
and has contmutd proi'peroufly to the prefent period. 

The ^nhers have a meeting in BulUftreet, frequented by 
m large, peaceable, and rich cong reflation ; behind it is a 
fpacious bnnal-grouffd. The methodiils are now very 
numerous ; previous to 1782, there was but one congrega* 
tion, whofe place of worfhip had been a theatre ; whence 
they removed to a fplendid meeting in Cherry-ftreet, created 
at an expcnce of laool. John Wcllley, their chief pried, 
preached in it for the firft time July 7, in the above year ; 
three others have fince been ere6tc(i and purchafed in Colehill* 
llreet, Deritcnd, and Newhall-ftrcet. The lali was eredted 
as a new Jcrufalcm temple, for the Swedenborgians, but in 
too magniheent a ftylc for their revcnucf. The methodiils 
bought it, and the original poihfTors built a fmslltr temple. 

A fmall Roman Catholic Chapel is fituated at Eafy-hiil, 
in the place of one deilroyid during the dtftrudtive nota. 
A Jewiih fynagogue, a baptift's meeting, and an indepet dent 
meeting, lady Huntingdoii’a meeting, and fornc other places 
of worfhip, are found in this town, Vi^hich, like mod manu- 
fadluring places, is didinguifhed for its number of difTenters 
of d fferent fedts. 

Charities. Some of the ftreeta of Birmingham are kept in 
repair by emoluments arifing from fmall edates. William 
Lench, who lived in the reign of Henry VII L bequeathed 
certain eliatea to the town, in trud to fixteen inhabitants, 
for repairing the (Ireeta. This perfon founded the alms* 
houfea in Steel-boufe lane for poor widows. Fentbam^a truft 
is lool. per annum, and applied to teaching poor children 
reading, and for cloathing ten poor widowe. The date of 
the donation is 171a. Mr. Crowley gave in 17331 fixhoufes 
for the Amport of a fchool for ten girls. 

The rree School was ercAed on the fite of the guild of 
the h:'ly crofs, which had an endowment of lands for the 
snsintenance of two priclls, worth twenty marks pt*r lonum, 
given by Thomas de Sheldon, John Colcfhill, John Gold* 
Smith, and Wi'liam Attflowe., In i393> the bailiff and in- 
habitants obtained a patent for augmenting the foundation, 
and adding a brotherhood, which flouriflied till the general 
diffolution, and was then valued at 31I. 23. lod. per annum. 
Edward VI. granted the lands belonging to the guild in 
I5<2, at the luit of the inhabitants to nineteen perions, as 
bamff and governors of the free grammar fchool of king Ed- 
ward VI., to hold in common foccage at a rent of aos. per 
annum. Their facet flora crcAed the prefeut building in 1707, 
which is large and haudfome, has a neat tower in the centre, 
aud a ftatuc of Edward VI. in front. The chief matter’s 
falary is 120I. the fecond 60I. two ufhers 40I. each for writ- 
ing and dravnng, and a librarian lol. There are fevtn exhi- 
bitions of 2 per annum each for the univerfity of Oxford, 
and the \ ofltflions are valued at 1200I per annum. 

The Blue Coat School was elected X724, but enlarged and 
improved in 1794, at an expence of 2500I. The revenues 
are 1327]. and 150 boys and 40 girls receive the benefits of 
the iottitution. 

The Dj/fcnter*s Charity School wdh held at the old meeting, 
but after that was dedroyed, a building was j^rchafed in 
Park ftreet, and hu been much improved. The children 
xeceived are 40 boys and ao girls. 

The H^ori 4 fou/ittt€ttA i733,coft ii73l.«wing wasadded 
for an iufirmry l^66, and another in 17791 at ao cxpence 
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of 1 tool. The inhabitants pay a rate of 6 d» to the pound, 
which raifes 17,000!, per annum, and relief is afforded to 
70CO perfons. There are twelve overfters. 

The General Hojpital was ertfttd 1766, and two wings 
were added 1791. It is fupported by voluntary contribu- 
tions, and many large bequeitb ; the phyliciaiis generally give 
their aflillance gratis. 

The Pnfons in Peck-hne and Deritcnd arc difagree* 
able and unwholtfome, and both are licenfcd ao public 
houfep. 

The Canal between this place and Wednefl)ury, was made 
in confrquence of an adl obtained in 1767. It is twenty- 
Iwo miles in len rth, uniting with the St.ifi:ord(hire canal | 
the (hares were 140I. each, and the expcnce 70,000!. ; they 
fold in 17S2 for 370I. each, and in 1792 for H70I. Sir 
Thomas Gooch leafed the proprietors fix acres of Und at 
47I. per annum, which they converted into a whaif, and 
erected a bandfome oilice on it. I'hc boats are drav/n by 
one horfc, and are about twtuiy.five tons burthen. Coals 
are little more than half the price they were before this 
canal was made. Several other canals, equally beneficial, 
have fince been completed, opening a communication be- 
tween this town, and almoli every principal town in the 
kingdom. 

The Barracks Hand on five acres of land, held by govern- 
ment at one penny per yard. They were tredlcd in 1793 
for 15, cool., and will accommodate 162 men. 

Ttiere arc three extenfive Breweries near Birmingham, 
Richards’s in Periun J for ale, Giles and Forrefls, W rltonc* 
lane, for ale and porter, and the Britannia, Walmer-lane, 
belonging to Clay and co. 

The riots, already alluded to, conllitutc an unplcafant 
feature in the hlltory of this town, and wbilli they 
ferve to charaflerixc the folly and infatuation of the lower 
claflVs of fociety, will, we trull, operate as a w'arning exam- 
ple to the rifin/ generation. A few perfons afTcmblcdat the 
hotel Birmii^ham, July 14, I79i» to celebrate the anniver- 
fary of the French revolution. A mob colle£ied round the 
houfe , broke the windows, and immediately proceeded to Dr. 
Priefiley’s new meeting. This, and the old meeting, were 
foun burnt to adies, and the doctor’s houfe and furniture, 
with his valuable library, apparatus, and MSS. (hared the 
fame devaiiating fate. On July 15, the manfions of John 
Ryland,efq. at Eary hill, and Bordeflcy-hdll, the feat of John 
Taylor, efq. together with the houfe, (fork in trade, books, 
furniture, &c. of Mr. Hurton, author of the •* Hiftory of 
Birmingham,” were dtftroyed. Saturday the i6lh wit* 
nefTcd the dc(lru6lion of Mr. Hutton’s houfe at Saltley, 
the refideneci of George Humphreys, William RulTcl, and 
John Taylor, cfqrs. The latter, Bordeflcy-hall, was occupied 
by lady Carhampton, mother to the duchefi of Cumber- 
land, but neither her bliodnefs through age, nor conuedion 
with the king, could prevent the roands^te of removing her 
furniture from the mob, w'ho frantickly offered to aflifl : 

She was therefore, like Lot, hadened away before the 
flames arofe, but not by Angela.” T.^ie reverend Mr. Hob- 
fon’s and Mr. Harwood’s houfes were next burnt ; thofe of 
the Rev. Mr. Coates, M**. Hawkes, and Thomas RuCTcl, 
efqrs. were plundered. On Sunday the 17th, Kingfwood 
meeting perifhed in flames, the parfunage* houfe, and that 
of Mr. Cox, licenfed for public worfhip. The mob this 
day plundered Edgbafion hall, Dr. Withering’s, and attacked 
Mr. Male’s houfe, but hearing in the evening, th«t a troop 
of borfe approached, they gradually difperfed, after deflroy* 
ing property to the arooutt of 6o,oool. To reimbunie 
the fufferers, an aft was obtained in 1793. The war fucceed* 
ing, greatly injured Birmingham, and ihia canaot be more 
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elcarly proved than by referring to the i 87 j uninhabited 
houfes in the year i8oo. There are two morning papers pub- 
lifted ?.t Birmingham ; Aria’s Birmingham Gazette, and S win- 
cey’s Birmingham Chioniclr, kc. Mr. Swinney alfo car- 
ries on a confiderable type fouiidery, which is the only pro- 
vincial one in the kingdom* “ This neighbourhood,” fays 
Mr. Hutton, “ may ju'Uy be deemed the ft?it of the arts, 
but not the feat ot the gentry. None of the nobility are near 
U9, except William Legge, carl of Dartmouth, at Sandwcll, 
four miles from BTrr.ingham. The principal houfes in our 
environs are thole of the late fir Chailcs Holte at Alilon ; 
fir Hrnry Gough Calthorpe at Elgb^fton ; George Birch, 
cfq. at Handfworth ; John Gough, efq. at Perry ; and 
John Taylor, cfq as Bordi fley and at Mof^Iy, a'l adjoining 
to the manor of Birmingham ; cxclufivc of ihefe, there 
arc many retreats of our firft inhabitants, acquired by com- 
mercidl fuccefs.” Hockley Abbey, near Soho, is the refi- 
dcncc of Mr, Richard Ford, an ingenious fmith, who had 
the honour of prefeiiling his majelly with an iron carriage 
made by himfeif. It is a modem cuiious buildhig, with 
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the upper part reprelenting a ruin, and is furrounded by 
beautiful grounds and walks, interfptrfed with fanciful 
curiofities. Tne mod conftderable feats in the vicinity of 
Birmingham, are Haglcy, 12 miles diftint ; Eiiville, 18 
miles diilant ; and the Leafowes, fix miles difiant. The 
latter will long be preferved in the memory of every reader 
of Shenftone, whole creation it was, and whofe taiie it dif- 
pliyed in an eminent degree. It now belongs to Charles 
Hamilton, tfq. who has judicioufly reftored the neglected 
beauties of the place, Hagley, the feat of lord Littelton, 
has been particularly celebrated in the writings of Pope, 
Thomfon, Hammond, and other poets. Enville, the feat of 
the earl of Stamford, is a fccne of great natural beauty. For 
further particulars relating to Birmingham, its manufafto* 
ties and neighbourhood, fee Hutton’s ** Hift. of Birming- 
ham,” 8vo, Shaw’s “ Hid. of Staffordlhire,” fol. “ A com- 
panion to the Lealowrs, Hagley, and Envillr,’’ 12 mo. 
feilTct’s Poetic Survey round Birmingham,” 8vo. Phil- 
lips’s “ Hiftory of Inland Navigation,” 410. &c. 
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BISMUTH, Blfmutum^ Wallerius; Wifmuth^ or Bifmuth^ 
Gem; Bifmuthy Fr. ; Plumbum cinereumf Animotiium femi^ 
ttirtumf tin-glei/Sf of the older chcmifts, 

Difmuth 18 a brittle metal, of a reddifli white colour, and 
foliated frafture, is fulible at nearly the fame temperature 
with lead, foluble with eafe in nitric acid, and precipitable 
from it in the form of a white oxyd by the addition of pure 
water. 

§ !• Ores of Bifmuih, 

Sp. I. Native Bijmuth, Gedtegen Wifmuth. 

The colour of thu mineral is ulver-white, with a flight 
tinge of red, frequently exhibiting an iridefeent appearance 
on its furface. It occurs very rardy in mafs, being generally 
difleminated, -or in veiling; it 18 alfo met with feather- (h aped, 
or reticular, or in lamellse of a re£langular or triangular 
fliapc, either folitary, or heaped upon each other. It ex- 
iiibits a metallic lullre of confiderable brilliancy. Its frac- 
ture is pcrfc 6 lly foliated, or broad flriatcd. It is femi- 
du 6 lilc, and breaks with fome difficulty into irregular, 
fomewhat blunt-edged fragments. Sp. grav. according to 
Kirwan = 9.57. 

Native Bilmuth is fufible at a very moderate temperature, 
often by the heat of a common caudle ; when expofed to 
the a^lion of the blowpipe on charcoal, it volatilizes in the 
form of a white vapour, not unfrequently accompanied with 
an arfenical fmell. It diflblves very cafily, and with effervef- 
cence, in cold nitric acid ; and is precipitable in the form of 
a white powder, on the addition of pure water. 

The only two fubftances, with which native bifmutJi is 
liable to be confounded, are the fulphurct of bifmtitb and 
dendritical filvcr ; the former of thefe, however, is hot fo- 
luble with effervefcence in cold nitric acid ; and the litter 
may be tliftinguifhed by its colour and du£lility. 

Bifmiith is one of the moft partially diffufed metals 
hitherto known ; and it is chiefly found native, accompanied 
with kupfernickel, white and grey cobalt, black blende, 
native filver, and rarely galena. Its gangiie is quartz, 
calcareous fpar, or barofelenite ; and it has hithertq been 
found only in veins in primitive mountains. 

It is found at Joachimflhal, in Bohemia ; at Fj'ejrberg, 
Annaberg, &c. in Saxony; in Sweden, Tranfylvahia, and 
Britany. 

Sp. 2 . Sulphuretted Bijmuth. Emmcrling. 

difmuth fulpbure^ Haiiy. 

The colour of this fubftance is between leado^grey and tin- 

wliite; but on the furface it is ufually yellowifli or iri- 
defeent. It is 'found cither lamellar and in mafs, or difle- 
minated, or in fmall acicular cryftals. Its primitive figure, 
according to Hauy, is that of a quadrangular prifm. Its 
internal lullre is metallic and very brilliant ; its fra£lure is 
broad or narrow ftriated, or foliated like galena. Sp. gr. 
according to Kirwan, =r, 6. 1 3 1 . It flains the fingers in a 
flight degi*ee; and when reduced to powder, is of a gliftering 
black. 

When expofed to the blowpipe, it melts eafily, giving 
out a fulphureous odour and a blue flame, and is almoft en- 


tirely volatilizctl before it can be brought to the metallic 
ftate. There has been no very accuj-atc analyfis made of 
this ore; but from the ex’perimenta of Sage and I-.a Pey- 
roufe it appears to ctnUain about 60 per cent, of bifmuth, 
36 of fulphur, and a little iron. There is fome external 
rcfcmblance between the lamelh^.r variety of this mineral 
and galena ; but the fuperior fulibility of the former is an 
cafy and infallible chara£lcri{lic. 

Siilphuret of hilimitli is very rare ; and, where it occurs, 
is always accompanying native bifnuith. It is found at 
Joachimflhal, in Bohemia ; Altcnberg and Johann-Georgen- 
ftadt, in Saxony ; and at Baftnas, near Riddarhytta, in 
Sweden. 

Sp. 3. Oxyd of Bifmuthy Bifmuth ochre^ Kirw. Wifmuth^ 
ocher^ Emmerling. hifmuth oxyde^ Hauy. 

This mineral is of a grecnifh yellow colour, palling into 
afli-gn?y, or llraw-colour. It is fometimes found in mafs, 
but more comiwonly diflcniinatcd or invelling. It is opaque, 
and poffefles a flight degree of internal lullre. Its fradlure 
is fine-grained, uneven, or earthy. Sp. grav. confiderabb, 
but has not yet been accurately afcertained. It is either 
friable, or of the confiftcuce of chalk, but occalionally 
gives fire with llcel, on account of the particles of quartz, 
with which it is mixed. 

When expofed to the adlion of the blowpipe on charcoal^ 
it is very ealily reducible to the metallic ftate. It is foluble 
in nitric acid without effervefcence, and precipitable for the 
moll part by the addition of water. 

Oxyd of bifmuth is an extremely rare mineral. It has 
hitherto only been frmnd at Schneeberg, in Saxony, 
accompanying native bifmuth ; in the Black Foreft mines, 
in Swabia ; and at Joachimflhal, in Bohemia. It is often 
confounded with the green earthy iron ore ; but may be at 
once diftinguilhed by its eafy redudlion before the blowpipe. 
Emmerling, vol. ii. p. 43^, &c. Wiedenmann, p. 887. 
Brochant, v. 2. p. 434. Hauy, v. 4, p. 184. forwan, 
vol. ii. p. 263. 

§ 2. AJfay and Analyfis of Bifmuth Ores. 

Sulphur and iron are the only uibflances that have been 
as yet dete£lcd in combination with this metal, as far as can 
be inferred from very impcrfedl analyfes of the preceding 
ores. But Klaproth, in his examination of the bifmuthic 
filverore from tShapbach (Analyt. EIT. vol. i. p. 556.), 
found it to be a combination of lead, filvcr iron, copper, 
and fulphur, with bifmuth; and from the experiments of 
this able chemifl is deduced the following general method of 
analyling the ores of bifmuth. 

Having reduced the ore to a tolerably fine powder, pour 
upon it, in a capacious flalk, five times its weight of nitric 
acid previoufly diluted with one third of water. The acid 
will begin to a£t immediately, without the afiillance of 
heat ; nitrous gas will be difengaged in great Quantity ; and 
the folution will aiTume a greenifli yellow colour. When 
the acid Uas taken up as much as it can, or nearly fo, pour it 
off, and digefl the undiflblved refidue in a moderate heat« 
with equal parta of nitric acid and wateri renewing tht 
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menllruum from time to time, till all the foluble parts of 
the ore are taken up. Add together the folutions, and 
reduce them by gentle evaporation to about half their bulk 
(if any cryftals are depofited, add a little pure warm water 
jidl fufliclent to take them up again) ; then pour the whole 
into a large quantity of rain water, at leaft twcrity timcb 
the bulk of the foliition. The liquor will immediately af- 
fume a milky appearance, and, by (lauding a (hort time, 
will depofit a white heavy precipitate (n), which, when 
carefully lixiviated, ii» /«/v oxyd of bifinutJu A<ld all the li- 
quors together, and concentrate them by evaporation to one 
half of their bulk ; then drop in a llrong iblution of muri- 
ated ammonia, as long as any precipitate takes place ; de- 
cant the fupeniatant fluid as accurately as pollihlc, and, 
without waffling the precipitate, digeft it for fome time with 
moderately ftrung nitric acid ; the undiffolved part of the 
precipitate being feparated, walhed, and dried, is pure mu» 
riat of Jther The nitioiis folution is new to be diluted 

with a large quantity of cold water, and a precipitate of 
oxyd of bifmuth (4 ) will be thrown down. The diluted ni- 
trous folution being mixed with the other liquor, the %vhole 
muft be evaporated, till a confiderablc number of cryftals are 
depofitcd ; at this time, the addition of fulphuric acid will 
occafion a white depofit of fulphat of lead (d). The re- 
mainder of the folution is now to be fuperfatu rated with 
cauftic liquid ammonia, by which the iron will be depofited 
in the ftate of brown oxyd (e), and the copper will form 
with the ammonia a blue folution ; this being faturated 
nightly to cxccfs with fulphuric acid, wdll depofit the oop^ 
per (/) upon a piece of clean iron. The refidue of the ore 
that was undifTolvcd by nitric acid, being weighed, and cx- 
pofed to a low red heat, will give out its fSphur (^), the 
quantity of which majr be eftimated with confiderablc accu- 
racy by the lofs of weight. It is now finally to be digefted 
w'ith ten times its weight of boiling muriatic acid, by which 
fomc oxyd of lead will be taken up ; and this, by evapora- 
tion and the addition of fulphuric acid, may be procured in 
the ftate of fulphatcd lead (^). The refidue being waftved 
and dried is the ftony gangue of the ore (/). 

Hence tlie ore will be decompofed into 

Oxyd of bifmuth {a) and (<r), 

Muriated filver (b), 

Sulphatcd lead (f/) and (b), 

Oxyd of iron (e), 

Metallic copper ^), 

Sulphur (^), 

Stony matrix (1) 

§ 3. Redu^icn of B'fmuth ores. 

The reparation of this metal from the fubftances with 
which it is found united in the mine, and the rcdu£iion of 
ii to a marketable ftate, is perhaps the eafitft of all the me- 
tallurgical proceifes, on account of the ready fufibility of 
Infmuth, and its being found for the moll part in the me- 
tallic ftate. The following were the methods pradifcd in 
the time of Agricola (De Re Mctallica, p. 349-) A round 
pit, two or three feet wide, was lined with well rammed 
clay and charcoal, and covered with billet wood, upon 
which were laid alternate ftrata of ore and wood. When 
the pile was thus built to a fufficient height, fire was applied 
to the top, and the bifmuth, as the heat penetrated through 
the mafs, became melted, and trickled down into the hole 
beneath, where it coUc^lcd in an irregular mafs ; being then 
withdrawn, and broken into pieces, it was remelted in iron 
or earthen pots, feparated from the impurities that floated 
on its furface, and finally caft into flat cakes, or loaves, for 
fale. Another method was to divide a large pine tree lon- 
gitttdiiudiyi and cut out the central part ot the woody thus 


forming it into a gutter ; this being placed fomewhat in- 
clined, the ore was laid in the upper end, on a bed of chips 
and fmall wood, fufficient, when fet on fire, to liquify the 
bifmuth, which, flowing down, was collected in a hole or 
vcffcl placed at the end of the trough. 

The fcarcity of wood has, however, put an end to thefc 
rude and extravagant methods ; and the ores of bifmuth arc 
now reduced in a common reverberatory furnace, the bed of 
which is lined with charcoal, whence the melted metal is re- 
moved in iron ladles, and caft into maifes weighing twenty 
or thirty pounds, in which ftate it is brought to market. 

§ 4. Externa) Charatler^ and PhyftcM Properties * 

Bifmuth is a white metal with a rcddilh yellow tinge ; is 
confiderably hard, but brittle, exhibiting a broad foliated 
fra<flure ; has a bright, almoft fpecular metallic luftre ; and 
is fomewhat fonorous, when (truck. Though brittle, it 
may be compreffed very confiderably by judicious hammer- 
ing, and therefore varies greatly in its fpecific gravity. Ac- 
cording to Mufchcnbroeck, its fp.gr. when frefh melted, is 
= 8.716; but when laminated, is == 9.638. Bergman 
fixes its gravity at 9.67 ; and other authors make it as high 
as 9,8, or even 10. The laminae, of which this metal is 
compofed, have but little adhefion to each other ; hence the 
rimitive form of its cryftals, which is that of a regular o6la- 
edron, may very eafily be afeertained by dilTedlion. It is 
fufiblc at 460*^ Fahr., and may be poured into a paper cone 
without burning it. If, after it has begun to folidify, the 
fluid part is poured off, a groiipe of cryftals is obtained in 
cubes, or rcftangular volutes. When expofed in clofe vef- 
fels to a violent heat, it fiiblimcs and attaches itfclf to the 
cooler part of the apparatus in the form of brilliant 
plates. 

§ 5. Oxyds of Bifmuth » 

The combined adlion of air and moifture upon bifmuth, 
at the ufual temperature, is very flight ; it becomes covered 
with a reddifli grey fuperficial tarniih, and afterwards ap- 
pears to undergo no further change. At a melting heat, it 
fliortly becomes covered with an iridefeent film, and by ex- 
po fing frefh fubftances to the air, is wholly converted into a 
yrllowifh brown oxyd, weighing about yV more than the 
original metal. This oxyd melts into a yellow glafs at a 
moderate red heat, and foon penetrates through the mod 
cornpa£l earthen crucibles, though not quite fo eafily as 
glafs of lead does. When bifmuth is expofed to a ftrong 
heat, with free accefs of air, it burns with a faint blue 
flame, and throws up at the fame time a copious white 
oxyd, which was formerly called flowers of bifmuth \ towards 
the end of the procefs the oxyd acquires fomewhat of a 
ye.lowilh tinge, probably on account of a fmall portion of 
fulphur, or other impurities. The glafs, or vitreous oxyd 
of bifinuth, is a veiy a6tive flux for earths and the more 
difficultly fufible oxyds; on account, however, of the fuperior 
chcapntfs and efficacy of lead, it is fcldom ufed for this 
purpofe. 

§ 6 , yiBion of Acids on Bifmuth, 

I. Concentrated fulphuric acid has no adion on bifmuth, 
except when boiling hot ; in this ftate, it is rapidly dccom- 
pofed, giving out fulphurcous acid gas, and reducing the 
metal to a w'hite pulverulent oxyd; by a low red heat the 
decompofition is fo complete, that a quantity of adual ful- 
phiir is volatilized* The white mafs being walhed with a 
little warm water, parts with nearly the whole of its acid, 
holding a fmall portion of bifmuth in folutitMi : this fluid, 
by careful evaporation, depofits ^uinutc loft cryftallinc 
needles of fulphat of bifmuth, frw^a whicl^ by the mere 
affufion of water, the metal may feparat*. J m the form of 
white oxyd. The fulphatcd oxyd, produced in the firft 
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part of the procefs, is remarkably more difficult of reduction 
than any of the pure oxyds of § 5, 

2. Sulphureous acid is incapable of attacking metallic 
bifmuth, but readily combines witli its oxyd, forming a 
white infoluble fiilphiic of a fulphurcous flavour, reducible 
into metallic globules before the blowpipe, decompoflible 
with cffcrvefcence by fulphuric acid, and when diflilkd, 
giving out Its acid, a mafs of pure white oxyd remaining 
behind. 

3. Nitric acid a£ts upon bifmuth in a remarkably violent 
manner. If the rnctal is in powder, and the acid fomewhat 
concentrated, at the inftant of their mixture, even without 
the aflllbncc of heat, a rapid decompofition of the acid 
takes place, accompanied with the prodmSlion of nitrons 
gas, azot, and fometimes of ammonia ; and the bifir.nth is 
converted into a white oxyd. If the acid is previoufly di- 
luted with an equal weight of water, and the bifmuth is 
added gradually in fmall pieces, the decompofition goes on 
more quietly, the metal is diffolvcd in proportion as it 
oxydates, and the acid may be made to take up iieailv half 
its weight of bifmuth. By cautioufly adding to tliis folution 
an equal bulk of dillillea water (each portion being well 
mixed with the whole mafs by {lining, before the addition 
of a fucceeding portion), a black pulverukMit precipitate 
takes place, which has not yet been analyfed, but has been 
taken for fulphur or charcoal. If the acid made ufc of is 
ftill more dilute, confifling, for example, of four parts of 
water, and one of nitric acid, the black matter is not dif- 
folved. Nitrat of bifmuth, when thus purified, is clear and 
colourlefs, and by gentle evaporation cryflallizes in the form 
of flattened rhomboids, or comprtfTed tetrahedral prifins 
terminated by three Tided pyramids. This fait, when cx- 

ofed to a dry air, is confidcrably efflorefeent ; but in a 
umid air, becomes covered with a white, fomewhat moift 
coating of oxyd. When thrown on hot coals, it detonates 
feebly, giving out faint red fparks, and leaves behind a 
greenifh yellow oxyd of difficult rcdudlion. If a cryftal of 
nitrated bifmuth is thrown into fome pure water, it imme- 
diately becomes covered with a white opaque oxyd | hjiit the 
decompofition of this fait is more (Iriking, if a folution of it 
is made ufc of. For this purpofe, let a jar be nearly filled 
with clear rain water, and drop into it nitrat of bifmuth as 
long as any p»*ccipitation takes place, then mix the whole 
by agitation, and let it ftand for an hour to fettle. The 
bottom of the veflcl will now be covered with a fine heavy 
powder of a dazzling white, which, when rtpeatedly waflied 
and dried, is pure oxyd of bifmuth, formerly called 
of lifmuthi and well known as a cofmetic under the name 
of llanc de fard. This preparation, if made with pure 
nitric acid, and well waflud, is of a dead white ; but if a 
little muriatic acid is mixed with the nitric, and the preci- 
pitate is waflied with a fmall portion of cold vratcr, it will be 
in the form of minute glittering fcales wdth a beautiful 
pearly lullre, and is then calkd by the French de perl 

Xn both ftates it is extenfivcly employed, particularly by the 
French ladies for whitening the (kin, but is fubjcA to turn 
grey, brown, and even black, by any hydrogenous and fiil- 
phureous vapours. This oxyd of bifmuth docs not appear 
to retain any nitric acid ; and its component parts arc iixed 
by Bergman at 77 of metal, and 23 of oxygen ; but, by the 
more accurate experiments of Klaproth, its conte^-ts are af* 
certained to be 81 of metal to 19 of oxygen. N ir. trd hif- 
muth is not, however, totally dtcompofable by w^tcr ; for 
the clear fluid, that is feparated by filtration from tlie oxyd, 
may ftill be made to yield a precipitate by a carbonated 
alkali, muriatic acid, or muriated ammonia. Klaproth 
found (Analyt. Elf. vol. i. p. 557. that 100 grains of bif- 


muth, diflblved in nitric acid, yielded with water 88 erainf 
of oxyd, and 35 more were obtained from the dilutea folu- 
tion, by the adion of muriatic acid added in drops as long 
as any precipitate enfued. This oxyd is very eafily reduced 
by fulion in a covered crucible, with a little nitre and 
tartar. 

4. Bifmntli in the metallic ftate is aded upon with diffi- 
culty by muriatic acid, even when it is concentrated and 
aflifted by heat. During the digeflion, a fmall quuntit^r of 
fetid hydrogen gas is given out ; and, by flow evaporation, 
fmall deliqui-fccnt necdle-flinpcd cryftals arc depofited of 
muriat of blfimuh. This fait, however, may be obtained 
in much greater quantity, and more eafily, by fubftituting 
the oxyd of bifinuth for the pure metal. If the falinc 
mafs, whicli remains behind after evaporation to drynefs, is 
diilillcd in a glafs retort, nearly the whole of it comes over 
at a moderate heat, and concretes into a foft white mafs, 
called formerly butter oj btfmuth» Butter of bifmuth, like 
butter of antimony, is intenfely cauftic to the talle, deliqui- 
atesin a moift air, and when dropped into water, is decom- 
pofed, a fine white oxyd being precipitated. 

5. Liquid oxy-muriatic acid a£ls upon metallic bifmuth 
with confiderably moie energy than muriatic acid does; 
the metal is oxydated without the difengagement of hydro- 
gen, and the rcfiilt is muriat of bifmuth. It is piobablc, 
that by fubftituting the oxyd of bifmuth for the pure metal, 
oxymuriat of bifmuth might be produced : this, however, is 
not as yet confirmed by experiment. If bifmuth, previoufly 
reduced to fine powder, is poured into oxymuriatic acid 
gas, the metal is inftantly ignited and oxydated, and falls in 
a fhower of fire to the bottom of the veffcl. 

6. Tindlure of galls, or gallic acid, precipitates bifmuth 
of a grcenifli colour from its folution, as pruiliated potalh 
does of a yellowifh colour. 

7. There is fcarcely any thing known concerning the 
other bifinuthic falls. They are formed by digefting the yel- 
low oxyd in the various acids that have not been already men- 
tioned, and are for the moft part but little folublc in w'atcr. 
The proportions of their ingredients have not been afeer- 
tained with any accuracy, nor are they applied to any ufc. 

} 7. A3lon of the Alkalies and Earths on Bifmuth, 

The fixed alkalies have no effeft on metallic bifmuth, but 
unite both in the humid and dry way with its oxyd. Am- 
monia is faid to acquire a greenifh yellow colour by digefticn 
with the metal when pulverized, and certainly dHTolves its 
oxyd in confiderablc proportion. The action of the earths 
upon bifmuth is unknown, except that filex and oxyd of 
bifmuth combine by fnfion into a clear greenifh yellow glafs. 

§ 8. Action of the Neutral Salts on Bf ninth. 

None of the neutral falls in folution appear to exert any 
affinity on bifmuth or its oxyds ; but, in a dry heat, many 
of them are dec om pofed by it. 

Nitre, being mixed v/ith pulverized bifmutli, and proje£lcd 
into a red hot crucible, is dccompofcd wi^h a flight deto- 
nation ; the bifmutli becomes oxydated, and then unites in 
part with the alk'dine bafe of the nitre. 

Muriat of fuda, according to Pott, is in fome degree dc- 
compofablc by metallic bifmuth. '^I'his fa£t, however, is not 
confirmed by later cbcmiils ; and it is probable, that the fait, 
which Pott made life of, was nut free from muriated mag- 
nefia, and that the bifmuth was partly oxydated. 

Muriated ammonia is totally decompofablc by oxyd of 
bifmuth. On the firft impreffion of the fire, vcij pure am- 
moiiiacal gas is difengaged ; and by a low red h:at, the 
muriated bifmuth rifes in the form of a thick white vapour, 
which concretes, in the receiver and neck of the rttf>rt, into 
butter of bifmuth $ if the oxyd of bifmuth is in very fmall 
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proportion to the muriat of ammonia, the greater part of 
this fait rifes entire, but mixed with a little muriat of 
bifmuth, forming \\iQblfmuthicfiowers of faUammoniae of the 
old chemills. VVlien thefe fl.»wer8 are thrown into water, 
the bifmuth is depofited in the form of a white ox yd. 

Oxy muriat of potafh mingled with powdered bifmuth, 
and projcdled into a hot crucible, is decompofed with great 
violence, and the metal k comph-tely oxydated. A mixture 
of three parts of this fait, and one of bifmuth, produces a 
flafli and a loud detonation, if laid on an anvil and flruck 
fmartly with a hammer. 

J 9. JVifmuth With eomlnfl'tlle Bodies* 

If one part of fnlpliur, and four of bifmuth, are triturated 
together, and afterwards expofed to a full red hrnt in a co- 
vered crucible, a brilliant {Iriated metallic mafs of lulphuret 
of bifmuth is obtained, llmilar in its propertie/i to the native 
fulphuret mentioucd in 4 i. It may be made to cryftdlize, 
by allowing it to cool very gradually, and pouring off the 
fluid part as foon as the fuifacc is cnifted over. The cavity 
thus formed will be found to be lined with long tetrahedral 
prifms croffing each other, aid occafionaliy of a deep hi- 
defeent blue and red colour, forming groupes of exquifite 
beauty. The fulphuret of bifmuth is much kfs fufible than 
the pure metal ; it parts with nearly the whole of its fuJphur 
by long roafting, ard is decompofable by nitric acid, v/hich 
diffolves the bilinuth without touching the fulphur. 

Sulphuretted hydrogen converts the wdiite oxyd of bif- 
muthin^oa black maf;;, of which neither the properties nor 
proportions have been afceriai 'cu. 

Phofphorus has very hi tie aflihity for this metal, Pelle- 
tiev trie 1 in vain by fevr*.;! nvnhodsto prepare phofphurct of 
bilmuth. In lomt* of lus ’X])erimeiil8, the metallic globule, 
when red hot, gave <)ut a l i- 't lambent flame, but exhibited 
no other proof of con hinatio'; with phofphorus. Fat oils, 
by the afllilance ol heat, d.fiolv/ the oxyd of bifmuth, and 
form wiili it a thick tenacious jilaifter. 

1 JIhys nf E'lfvmih. 

Bifmuth appears to inert afe rcmaikably the fufibility of 
all the m*'lalhc conipou.»J.s into which it enters; but it is to 
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be lar.icnted, that we are greatly in want of accurate expe- 
riments on this ii.t'ucftipg branch of inquiry. 

1. B fmuth and GoUf* See Gold. 

2. B'tfmuih and Stiver* See Silver. 

3. Biftmith and Iron, See Iron, 

4. Bifmuth and Copper, See Copper. 

5. Bifmuth and had, Eqa'-il parts of thefe two metals 
unite ealily by fimph.! fufion, forming an alloy of a brilliant 
white colour, corifidembly harder than lead, and, though 
not dikfile, more malleable than pure bifniuih. By dimi« 
nifhing the proportion of bifmuth, the malleability of the 
mafs IS increaled, without fenfibly impairing its fufibility, 
hardnefs, and luftrc. 

6. Bifmuth and tin, A fmall quantity of bifmuth in- 
creafes the hardnefs and brilliancy of tin, w ithout rendering 
it Icfs dudile 5 hence the beft foils for glafs ruiirors aie 
made of this alloy, asalfo are feme kinds of pew'ter. 

Bifmuth nvidj lead and tin, Fidihle metal. Plumbers^ foU 
Jer, The fufibility of the alloys oAiifmuth is in no iiiftance fo 
remarkable as in that difcovercd by Newton, and thence com- 
monly called New^ton's fufiblc metril. It Is made by melting 
logeth(*r eight parts of bifmuth, five of lead, and thiee of 
tin. The mafs is very brittle, indwhen broken exhibits 
a porc^'Ilanous appearance, with little or no luftre ; it is fo 
fiifible as to become liquid when In.M on a piece of llifF 
paper over a candle, without fcorchiiig the paper; and be- 
(Comes as fluid as qnickfilver in boiling water. If the bif- 
mutbis reduced to one part, the proportions of lend and 
tin remaining the fame, the alloy is plumbers’ folder ; and 
it differs from the preceding in being fomewhat lefs fufiblo 
and corfiderably malleable. 

7. Bifmuth and Mercury, See Mercurv.. 

8. Bifmuth and Iron, Sec Iron. 

§ II. Medical Ufc of Bifmuth: 

The magiftcry, or wdiite oxyd, is the only form of bif- 
muth which is employed medicinally. It is preferibed with 
fuccefs in fpafmodic alfeftions of the ftomach. Grcn. Syf- 
tem, Handbiich, v. iii. p. 292. Leonhard? ’s Macquer. art. 
Wifmuth. Fuurcroy Syft. des Connaiff. Chimiques, \oI. v. 
Beaume Chem. experimentale, vol. ii. 




BITS, or Bitts for Horfn^ in the Miine^e^ are pieces 
of iron of various figure and conftrjctiou which, being 
placed in the horfe’s mouth, ferve, by* the aflillance of the 
reins, to reftrain or guide his motions. 

The term hUts^ or bitsy is confidered by fome as originating 
from the horfe’s biting or champing tliem between the teeth 
wlieii placed in his mouth ; in the French language is ufed 
a term alfo of fimilar fignification, hs m'jrds^ wliich would 
feem to corroborate the above etymology of it ; — ai'other 
however, equally nariiral, prefenU itfclf in tlie common 
voi'd hit^ or bittu tint is pkea of iron ; this apparatus being 
always made of one or more pieces of this metal. 

The art of bitting licrfeu may be faid to confift in fur- 
niOinig the mouth with the moft proper mouth-pieces, ic. 
ftn* ol),ainiiig from t!nm an uhcdicncc to the will of the 
rdv^r, and exafting a d le performs 'ce of all the movements 
and reftraints v/hich may V defired, or at Icaft which arc de- 
pendent upon the operation c f tlte reins. Rightly under- 
ftood, and well admitlfilltTed, this art affords the power of 
communicating to the horfe fupport and confidence, with 
greu '^r cam and fccurity to the rider. Tlie mifapplication 
of its rules, on the contrary, or an inattention to them, 
where th? moutli is not totally infcnfildc, will produce pain- 
ful itmfatior.s to the horfe, with difgud and rcbcllioH| tnd to 
tl^e rider uneafmefs ‘=ind perhaps d .iger. 

It is to be lame jled that the ])rcfumutuous opiinOns of 
the Uiiinformed have been too much the i^aide of the public 
in their edimaliou and choice of the proper bits for fiorfes, 
hs alfo ill too many other things refpeftiug thefc ufeful 
aaimalsi tending often to accumulate unoegeffary fuffering 
and mifery upon them. The writers on this fubjeft are few 
a. d unfatisfaclory ; we fliall, Iiowever, except Mr. Bereiigcr, 
vdiofe work is a iioIJc cfloit to emancipate this branch of 
fcicnce ftom barbarity and ignorance ; and from him we 
(hall ta!;c occalion to make fome extrads in the fequel of 
this article. Here it will be proper to obferve, that this 
author, by the term has dcfigiiated the curbed bit 
only, but we have ventured, for the lake of purfuing a more 
connefted view of the fubjeft, to include in this term any 
piece or pieces of metal placed in the horfe's mouth, for the 
purpofes of guidance or reilraint. 

In our account of the dilferent kinds of bits, and their 
cflVds, we Iha'd begin, for the fake of order, with the dc- 
feriptiou of a bit of the moft cafy and fimple conftrudioa 
poflible, and then proceed to the moft complicated. 

A fliort iron rod, made rather wider than the mouth of 
the horfe, and provided with a hook or ring at each extne- 
mity for faftening the reins to, affords us an iiiftance per- 
haps of the greateft poffible fxmplicity in the conftruftion of 


a bit ; and luch a one only fliglitly curved forwards, to allow 
more liberty lor llie tongue, is at prefent in general ufe for 
thehca\icr kind of draft horfes, the hearuig rein being 
ufuiJly attached to it, palTing over the hames of the 
collar. 

A fimilar rod to the former, broken in two pieces, and 
connedod by a joint in the middle, is the next in point of 
fimplicity, and is in common ufe fur horfts of light draftj 
as in thofe employed for the curricle, coach, &c. and is at- 
tached by the bearing rein to the hook of the faddle, and 
this kind of bit is moftly termed wi^h us a hridon. 

The next in point of farther complication of parts, and 
which fcarccly can be faid to diff.T from the former, is the 
common fnaffie. This is provided with two crofs pieces^ 
which reft againft the lips or fides of the mouth ; for as the 
fnaffle is intended for the fadillc horfe, and the reins go to the 
hands, fo the crofs pieces are ufeful in preventing the bits 
from being drawn tnroftgh tht> mouth, which precaution is 
not fo neceffary where the bits are affixed to the bearing 
rein. The bridon wc may obferve, is aho made in geucral 
fmaller than the fnaffle, as well as without crofs pieces. 

The diftiiidion, however, between a brldoti and fnaffle 
is infignificant and of little confeqiience ; for on all occahons 
crofs pieces are the moft convenient ; and it will be eafily 
feen that the bridon is merely an imperfeft fr\afHe, pofleffiiig 
no peculiar charafters which can form areal dillinction. 

The term, alfo, when confined to this objed is mifupplied ; 
for the French, from whom we have boriowed it, by le 
bridon nnderlland the fnaffle and its rein, in oppofilion to 
k Iridcf by which they denote the curbed bit and reins. 

In war, and on other occafions, the bridon was ufed as a 
leffer bridle, or bridle of referve, in cafe of the failure of 
the former from any accident j and hence the origin of its 
name. 

The number of parts of which the mouth-p'ece of the 
fnaffle is compofed,^ may be incrcafed to any extent, as it 
may he made with one, two, or feveral joints \ but as it is 
evident thefe additions will not effentially alter its properties 
or eifeds, it would be ufelefs to purfue a diiliiict conlidera- 
tion of them. 

But the condition of the fnaffle admits of behig fo altered 
and changed by the variation of its figure, its fubitai ce, and 
itsfurface, as to acquire new properties and elTetts which 
will require particular attention ; Its geotle^iefs or rigour will 
depend almoft wholly on thefe conditions. A mou'h-p Icce 
made of two entirely llraigh.t pieces will be more fevore than 
when tliefe are fomewhat curved, as the cm ved bit is more apt 
to^ embrace and include the lips between it and the bars than 
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the (Iraight one. A thin and flender bit or fnaffle, it will be 
tafily perceived, virill reft with more feverity and fharpnefs 
upon the bars than a thick and obtufe one ; the former, 
therefore, or the fharp bit, is employed more particularly 
for reftraining fuch horfes as arc hard mouthed, and too 
eager, while the latter is ufed for fuch as have a proper 
feeling of the bars, and efpecially for breaking in young 
colt^. 

The furface may be varied as to rougbnefs or fmoothnefs, 
producing alfo different cffedls. To give the greateft cafe 
poilible, a large and highly polifhed bit is neceffary. This 
18 foroetimes provided with moveable rollers on the axis of 
the bit, which, turning with every movement of the reins, 
diminifh the fridlion of the bits, and render them lefs irritat- 
ing. Thefe rollers, however, in reality can have but little 
efieft in the fuaffle, though of pleafant effedl in the mouth 
piece of the curb ; for this rcafon, that the fiia/He being 
jointed in the middle, is drawn by the reins to a (harp angle 
in the mouth, fo that thefe rollers arc prefented to the bars 
in an oblique diredtion, under which pofition it will be ob- 
vious they can have very little or no motion, but, on the 
contrary, they will tend to render the bits more fcverc by 
their irregularity ; fo that a well polifhed fnaffle is in faa 
preferable to one of thefe with rollers of the ordinary con- 
ftrudlion. 

On the other hand, to give the greateft degree of feverity 
to the mouth piece of the fnafHe, it is twilled while hot into 
a fpiral form, and is made to prefent by this means a (harp, 
rough, and unequal furface to the jaw, being capable, ac- 
cormng to the deg^ree of (harpntfs to which the edges are 
wrought, of puniftiing the bars and lips with greater or lefs 
feverity. The different degrees of punifhment which this 
kind of bit is capable of indidling, will perhaps be found 
fufficient for all the purpofes of corredlion, where recmirfc 
may properly be had to adual force and punifhment. For 
it (hould be always kept in view, that gentle means will pro- 
duce a good mouth ; while Jiarfhnefs and too great feverity 
will tend to deftroy it altogether. 

Thus far the ancients of the mod remote ages of the 
World, almoft as far back as any biiiory extends, were well 
acquainted with the ufe of bits. Xenophon, more than 400 
years before Chrift, had deferibed fimilar bits as being in 
common ufe in his time among the Grecian dates. He 
fpcaks of a fmooth and a fharp kind of bit, the latter, if 
more feverity was rcquifite, to be armed with points or teeth. 
In its ufe, however, he enjoins the greateft tendemefs, and 
obferves, ** that when you would wifh to ftacken the pace 
of an eager horfe, which hurries on too faft, and to pacify 
his fury, fo as to make him go more tempera tcly, or even 
oblige him to flop, you fhould not attempt to do it at once, 
and with violence, but artfully, and by degrees, gently 
pulling him in, then yielding the bridle, and playing witn 
Ilia mouth, in fuch a manner as if you intended rather to win 
his confent than force his obedience.’’ Chap. 9, 10. 

Beyond the changes above deferibed, the fnaffle iifclf does 
not appear to admit of any alterations worthy of notice. 
It may, however, be juft oblervcd, that fome horfemen add 
a chain to it, extending from cheek to cheek, which refting 
loofely on the tongue produces irritation and flavering, ana, 
as they imagine, frefbens the mouth. Such a bit is known 
by the name of the Rockingham /haffle^, 

The reins, however, it muft be remarked, admit of fome 
alterations in their difpofition, which will influeiice the effects 
of Uie bit on the mouth ; as whether they are carried higher 
or lower. At this prefent time there is a practice more spe- 
cially in horfes 0/ light draft, as in thofe for carriages, 
carriclesi and chairs^ 3 cc, to diftort and alter the btaring 


reins from their natural direflion, and to difpofe them more 
perpendicularly and in a line with the head ; fo that inftead 
of paffing ftraight from the mouth to the horfe’s back, they 
are diredted up the fides of the face, as high nearly as the 
parotid gland, or bafe of the ear, where they are paffed 
through a ring hanging from the head flail, and from thence 
to the hook of the faodle. The appearance is ornamental 
and elegant, and the reins fo difpofed are confSdered as more 
forcibly elevating the head tlian if they proceeded to the 
back in the ufuaT diredlion. 

As the difpofition of the reins, fo the figure of the bits 
themfelves, and the ornamental appendages attached to 
them, admit of admoft endlefs variety. The manufadlurers 
of thefe articles, availing themfelves of this licence, render 
their bufinefs more lucrative by as frequent changes at pof- 
fiblc. Thefe are fucceflively introduced as fafhionable no- 
velties, till again for novelty they return to the fimpleft 
pradtice ; and this takes place witnout any alteration in the 
principal circumftances of their conftrudlion, properties, or 
ufe. 

The next kind of bits in ufe for horfes is the curbed bit ; 
which, as it is an inftrument of much greater complication 
of parts than the fnaffle, fo it appears to have been of com- 
paratively recent date. 

In fome of the fculptured cqueftrian figures of the ancients 
fomething like the branches of the curb may be found ; but 
in no infiance docs there appear any thing i*cfcmbling the 
chain, which is abfolutcly uecefTary to its cffccl. Their 
writings alfo appear to be filent on this fubjedl. It was 
probably the invention of Italy or France, which for fome 
centuries paft have taken the lead of the other nations of 
Europe in teaching the arts of the manege. It was firft in- 
troduced into the Englifh army by a proclamation made in 
the third year of king Charles I. lince which time it has 
got into univerfal ufe Tor the army, the field, and the road, 
io that no horfeman deems himfelf perfedlly equipped with- 
out it. Moft of thofe writers who have treated of it in the 
lad, and in the century preceding that, and who wrote pro- 
bably foon after the commencement of its ufe, have been 
very orofufe in their various propofals for the ftriidture of 
it, cfptcially in rendering it more complicated, fevere, and 
cruel ; though it is probable their clumfy figures and repre- 
fentations were never imitated in a6lual pradlice. They 
appear to have been much fatislied with cheir new invention, 
imagining it a fare means of reducing horfes to immt diatc 
obedience, io fpite of every obftacle ; and true it is, it can 
punifn with extreme feverity : but is fuch a meafure mod 
likely to create vice, or to overcome it ? Indeed, accord- 
ing to the opinion of one of the ableft wiitcrs that has ever 
confidered this fubjeA, and whofe opinion we (hall take an 
opportunity of quoting more fully hereafter, little or 
nothing has been really gained by its adoption ; on the 
contrary, the fuaffle poffefies mure fimplicity, power, and 
perfeflion. 

Stripped of all unneceflary trappings, this inftrument con- 
fills ot the following eflential parts : a mouth- piece with 
two fide branches, or inflexible rods of iron, firmly fixed to 
the former, and a chain pafting from fide to fide, behind the 
chin, including the jaw ; two eyes or rings at the upper 
extremity of thefe branches, ferve to faften it to the head- 
ftall, and to ft ay it in the mouth ; two other rings at the 
lower extremity of the above branches receive the reins, 
pafting to the hand, or fometimes in draft horfes to the hook 
of the faddlc, as a bearing rein. Thefe are all the parts 
really neceflary to conftitute the curb. 

The hits thus formed being placed in the mouth, and the 
chain paffed round the lower jaw, tlic branches, it will be 
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re wiily fccn, become powerful lever* when drawn backward*, 
acting upon tlie mouth-jiicce as a centre, and ftjneezing, by 
mean* of the chain, wiiatcver inf rpofea between it and the 
woutli-niece, with a force equal to the length of lever af- 
forded by the lower branch. 

This force, it will b^ perceived, is influenced and regu- 
latcd not only by the length of the lever below the mouth- 
piece, but alio by the greater or lefler diilance at which the 
chain is placed from it. The chain is iifually fixed to the 
rye the cheek -piece, where the liead-ltall is faflened ; if, 
therefore, this part is very long, it is evident it mud mode- 
rate or counteract ilie power and tfleef of the lower end of 
tlie branch, and render it left feverc by bringing the centre 
of motio:i iR'arcr to the miclfllt' of lever. 

It app-ars maiiift‘11, from the conftrLidion of this inftru- 
'imciit, that its whole force is exerted upon the jaw itlclf,Hnd 
that it h.is power ro pinch the bars with cruel violence, even 
to the fradture of the bone, and this with very powerful 
Lranchei has fomctimi s happened. It can alio crufli and 
bniife, and totally doilroy the tender covering of the iufide 
of the mouth, and the fkin beneath the jaw. 

From conhdering its mode of operating, it might reafon- 
ably be doubted whether it doer, in reality Hop the horfeby 
its power and opoofed force, as is generally conceived at 
prelent, cr rather by the fevcrity of the pain it infliiHs ; as 
Humid the horfe arm bimfelf againfl this, it is totally infuf- 
ficient to arreft his courfo ; of w^hich influnces occur in run- 
away horfes every day. And wc fhall venture to fuggeft, 
though contrary to the general opinion, that the hiaffle, 
even in this refpcdl, if the numth lias not been previoufly 
Jiardened aud (polled by the ufe of the curb, is the inoft 
powerful inftrument of tne two. 

The mauth'ptvce cf the curb is ufually provided with an 
iipfet or arch in the middle of it, as it would, if perfedly 
flraight, reft on the tongue, and occafion an unplealant re- 
Hraint. This paffage for the tongue is often made 
fo narrow and finall by the bit makers, that one (hould ap- 
prehend they fcarcely had a right idea of its ufe. From tire 
circumHance of its allowing a paffage for the tongue^ it has 
been called by fomc, the liberty ; and, for the fame rcafon, 
by others, tlie porte : hence we have the porte-moatli bit, 
vulgarly called among the bit makers and grpenins the 
Portfmeuth bit ; and by a fuppofed counter exprcflion 
to this term, wc probably get the IVeymoitih^hiX. 

In draft horfes, efpecialTy for the coach, it is a frequent 
cuitom to have affixed to the upper part of the upfet fmall 
chains or poliflied drops of iron, which hanging luofe in the 
mouth, and falling on the tongue, occafion the horfe to 
champ the bits, and create a copious flow of faliva, fo as 
to Haver the lips with its white troth ; and when this hap- 
pens, it is confidcred by feme a good fign of health and 
gaiety, and that the horfe is well bitted ; for, if the bits 
are difagrecable to him, he never plays with them, or ex- 
hibits any froth, fay they. Thcle Imall appendages are 
termed by the French les chainettes, and by tlie Englifh 
flayertm 

It is farther to be obferved, refpc^Iing the mouth-piece 
of the curb, that the flraight part which vefts upon the 
bars of tbe jaw, is termed by the Fi'ench le canon f and by the 
old Enghfl) writers the jcivcf and though a highly conve- 
fiicnt and ufeful w^ord, it is to be regretted it is at prefent 
out of ufe $ the French term, which is not fo expreffive, 
having fuperfeded it. This part fhould be well polifhed, 
and may be made of any proper figure, as that of a cylinder, 
cone, ova), globular, pear-fhaped, &c. 

It is obvious that the cffeA of the curb, as far as it ref- 


pefts tl’C bars, will be correfpondent to the thicknefi or 
thiunefs, fmoothnefs or roughnefs, of this part ; the larger 
and broader it is, the moi*c furface it covers ; and thus tHc 
pre/Ture, by being didrrbuted over more points, becomes 
lefs felt. This enlargement, however, of the canon or jcivc 
fhould not be carried to anexcefs, by making it too heavy, 
or filling the horfe^s mouth with more iron than it can coiw 
venienily receive, and thus create pain, inflead of greater 
cafe. 

To render thefe irons lefs irritating to the mouth, and to 
avoid their friction upon the bars, the Jcivesare provided wn'th 
luofe, moveable rollers of well polifiied iron, which readily 
turning on the axis of the bits, very confiderably diminifh 
their feverity. Thefe moveable pieces arc Ufo parti- 
cularly ufeful in preventing the horfe from catching and 
holding the bit in his teeth; as the curb, under thefe cir- 
cumflances, can iiill move and adt with the fame freedom as 
before. 

The jeives are fometimes compofed of three or four flat- 
tifli knobs, united by a joint to each other, and with a joint 
to the upfet, which is intended to render it very fevere; it 
is obvious, however, that fuch an alteration muft bring it 
nearer to the condition of the fnafRe ; the knobs, however, 
if they can be drawn tranfverfely acrofs the bars, might pro- 
duce confidcrable irritation, but not fo much as they 
would do if not jointed. This bit is not unfrcqucnlly uCed, 
and is called with us the 

To the curb is often fixed a ring oppofite the mouth- 
piece, which, as it is dircdtly in a line with the axis of the 
bit, has no other clTcdt when the reins arc affixed to it, than a 
fnaffle would have provided with a fimilar mouth-piece. This 
is termed putting the reins to the check,** and for horfes of 
light draft, whole mouths are not ruined, it is-by much the 
bed, as the mouth is lefs annoyed, and the horfe obeys with 
more alacrity the guidance or the hand from this point, 
than from the extremity of the branches, which arejpartir- 
cularly ill calculated for this purpofe ; this kind of con- 
ftruftion is generally diftinguimed by the name of the Pel* 
ham bit. 

In the older Englifh writers, as well as thofe on the con^ 
tineni, on the fubjed of bits, we find an appendage def* 
cribed, which is not at all, at prefent, in ufe ; and as it enters 
the mouth with the roouth-piecc, it may, with propriety, be 
deferibed along with it. It confifted of a chain extending 
from branch to branch of the banquet, or check piece, beine 
placed rather above the mouth-piece, and parallel to it, ana 
was llrctched acrofs perfedly ftraight and tight. This part 
was called the •water-chain^ and by tht French Trenche^U : 
its ufe is not very evident. Mr. Bercnger takes notice of it, 
and obferves that it might be ufeful to horfes that arc apt 
to drink or fwallow the bits, as the expreffiou is, or bury it 
fo d( ep in their mouths, as to hinder it from having a due 
and jud effed ;** from its being laid afide fo generally, we 
prefume it has at lead been thought ufclefi. 

It is a common belief with the grooms, that a great 
power refides in the upfet of the mouth-piece, and that the 
bits are more powerful as this is longer or fhorter ; nothing, 
however, can be more fallacious than this reafooing. In 
the works of Laurence Reefe, alfo a French writer, we find, 
in confonance with this idea, a curb, with an uplet of unufua 
length, being defiined to corred the vices d’un Roufiiu 
qui a la bouche d*une diable j” it will be obvious, how- 
ever, on a moment's refledion, that this part, from being 
made very lofty, and coming forcibly againft the palate, 
would compel the horfe to open his mouth, when it 
would ceafe farther to ad in any way } with more reafon, 
the fame writer propofes, on the other hand, ^<pour donner 
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irfaatl plaifir,” to Kave a bit conftn:<^cd with a low upftt, 
ind fufeciently wide, with large, conical, fmooth jcivcs for 

the bars. . . . , « • « 

OJ the chain. The cham is the part moft cllcntially r.e- 
oeflary to give effect to all the other parts of the curb, and 
may be placed, as wc have already noticed, at any given 
diltance above the moulh-picce ; its operation being more 
powerful, as this diilance is exceeded by the length of the 
^ranches. This pofition, though true as a general principle 
^of rtafoning, appears to be fubje^^ to the operation of ot}u,r 
caufes in adual pra£f ice, which it will be neceffary to con- 
fider ; f >r, in diredf contradiclion to this is the affertion of 
Mr. Berenger, who appears to be almoft the only writer 
who has truly inveiligated the merits of this particular o!;- 
\c€t. He obferves, in regard to this, that the nearer the 
chain, and the longer the branches, the foftcr and more in- 
dulgent its operation. This, onafnll \icw, would appear 
to be in dired variance with the rules above laid down, and 
irrecor.cileablc to the well known laws of the opeiation of 
the lever, and wen at variance with his own preceding affer- 
tions; when, however, we remember the experience and 
praAical knowledge of him who aflerts it, it deferves a more 
particular confidcration ; let us firlt admit the truth of the 
pofition, as it feems founded on the furc teft of adfual ex- 
perience, and then we fliould venture the following as the 
moft natural explanation of it. 

In proportion as the branches are longer, the more ex- 
tenfive is the circuit their extremities perform in their 
operation ; and therefore, the hand that guides them muft 
pafs through a greater fpace to produce the fame eficv;:! : 
and now, if the chain be placed very near to, or upon the 
outfide of the mouth-piece, and be applied not very tight 
about the chin, yet, in reality, though there would be an 
apparent increafe of power by the length of the branches 
they would have little or no effe6l, as they would arrive at 
the utmoft extent to which they can be drawn, before tlie 
chain would begin to pinch. . On this account, the moft 
lively cffcdls would be produced by the chain having more 
fwcep and extent of aftion, and by the branches being not 
quite fo long, as great length alfo adds fomething to their 
flexibility, though not to a degree ta be worth taking into 
the account. Still, however, the branches muft ever obey 
the common laws of the lever, afting with force propor- 
tioned to their length ; while (horter branches ad with 
greater quicknefs, and arc more lively in their imjwcffion. 

The chain is faftened on one fide to the eye of the ban- 
quet, where the head-ftall is failened ; on the other, to a 
hook hanging from the fame part. Tli.s chain, as it is 
at prefent tifed, is compofed of iron links or rings, fo be^t 
or indented, as to form, when put together, one uniform 
nearly flat furfacc ; and thefe links, by twilling or untwilU 
ing, may be made to prtfent a furfacc with any degree of 
roughnefs to the chin. 

When great tendernefs is requind, this chain may be 
covered with leather or cloth ; or where a Hill greater deli- 
cacy IS defirablc, the curb may be made wholly of Icallur, 
without any chain. 

The larger and thicker the rings are, provided they arc 
fmooth and well poliflned, the tafier the efrtd of the cham. 
In old Englifti, this chain was called the /.We ; and hener, 
by contra^ion, iirh f and finally, by an eafy tranlltion of the 
ii into cUf wc apprehend ‘that the modern appellation of this 
snftrument is obtained. 

OfthehrancI}es. The proportion which the check part beais 
to the lower extremity of the branches* or rathe * the pofition 
of the eye, to which the chain is fixed, determines tlie de- 
gree of ^wer of the bit upon thcpnnciplc before advanced j 
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that is, if the chain is fixed to the upper extrcirlty of it, as 
it ufually is to the traufverfe opening or eye of the hcad- 
ftall. 

For the elementary view we are taking of the conftruc- 
tion of the bits, it has been only confidcred as a ftraight, 
plain lever of indeterminate length ; it is, however, in prac- 
tice, often varied, as in tlie army, it is ufed of enormous 
length, and frequently curved like the letter S, by which it 
is conceived' to be rendered more powerful, as well as 
ornamental ; at other times the l^raneh of the bit, with a 
view of iucrcafing its force, is cairitd forward with a fliurp 
elbow, g’ving nearly the figuic of the letter Z ; while by 
others, with more leafgn, to prevent the horfe from catch- 
ing the b’t in bis mouth, it is made with an arch, or 
fcirdcircle, in the middle of the brancli, like the letter C, 
turned backwards for the fame purpofe ; ftill, however, in 
f.icl^, whether bent into that or any other (hape, it is the 
length of the lever, and its ftrength, which alone give the 
power; it is true, however, that a long curved branch, 
tln^ugh more powerful, will rcn<lcr the cffc6l fomewhat 
fofttT, as comiMg from a greater diflancf*, efpccially if the 
bi-anch is at all flexible and yicldii'g, than it would by the 
quick and rigid (ffedt of a fliorter lever, made perfcdlly 
ftraight and inflexible: thefe btanchts may alfo be turned 
or bel t, not only backward or forward, but alfo outwards 
and inwards. At their extremities thofe turned outwards, 
are faid to be ftiongeft of any in their operation. 

As to the chcck-picce. or banquet, as it is called by the 
French, for an appropriate name is wanting to this part in 
the Fui^hfli language ; the eye of the banquet, fay the 
horfemen, commands and gives efficiency to the reft of the 
bit ; or, in other words, decides the diftance of the chain from 
the mouth-piece, or centre of motion ; as, however, in 
fpiaking of the other parts, we have had occalicn to intro* 
dace a fufficient account of this, it will not be ncceflary 
further to give it a feparate confidcration j nor will it be 
iifeful to deferibe the numerous mongrel herd of bits en- 
gendered of the fnafHe and curb, which arc reducible to the 
properties of one or the other, or partaking of both. 

The moft ufeful bit of the curbed kind, appears to be the 
Wry mouth -hit, which is at prefent in common ufc for draft 
hoi fes of light work, as for carriages, coaches, &c. It con- 
fifls of a ilrong, plain mouth-piece, of uniform tiiicknefs 
throughout, without any upfet or jcives, but is limply 
curvul fo’'v\’aids, to give liberty to the tongue: this kind 
of ccnilriidion is the fimpleft perhaps that the curb admits 
of. 

In concluding, it remains far ns to notice the proper ap- 
plication and adjuftment of ihcfe bits to the houfe’s mouth, 
a;;d to treat <'f their real elftdr. 

By the ir.'i.ingcment of the head- Hall, the fnafHe bits 
fltou d be fo adjufttd as to ftdl in the middle fpace between 
the tr.lhcs and gjinders, refting upon tlie bars : the mouth- 
piece of the curb fliould alfo occupy tlie fame fituatioii ; 
when, however, it is ufed along with the fnaffle, the bits of 
the fliould be placed lughcft in the mouth. 

If the bits are placed too high in the mouth, the liorfe 
carries his head aloft ; if too low, he Hoops the head, and 
tries to catch them in his teeth. 

The thicker and moie fleihy, and the wider or broader 
the bars of the horfe, the rougher may be the mouth-piece 
for the leaner and more delu:ate ; confequently, the bits 
flioulJ be Kfs feverc. Care fhouM alfo be taken that the 
nioutli-picce be well fuitedto the fize and width of tlie mouth, 
and be not too narrow, as this would give pain, by fqueezing 
the bars trgether : if, on the contrary, it is very wide, it 
rcili with more force on the bars, witlioul tiK iiiterpofition 
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the lipp, as is moft ufiiall/ the cafe. Where the tongue 
is large and prominent, the upfet Ihonld alfo be in propor- 
tion, otherwife the bits could not rell upon the bars, but 
would prefs upon the tongue. 

In regard to bitting the horfe, and the conuderation of its 
we cannot delire to fee any thing more confonant to 
truth and reafon, than what has been given us by Mr. Be- 
iienger, and with fome ufeful extradis from his valuable 
performance, we (hall conclude this article. 

Of bitting horfrs with the curb. ** In the beginning of an 
undertaking, whofc aim is to fubdue and reclaim nature, 
and that at a time when Ihe is wild, ignorant, and even 
attonilhed at the attempts which arc made upon her, it is 
evident that (he mu ft not be treated but with lenity, in- 
ftrudted witli patience, and by fmall degees, and that no- 
thing (hoiild bc offered that may hurt, furprize, or occalion 
any difguft. 

The horfeman, therefore, fhould not aft the part of a 
tyrant, but of a lover; not endeavour to force her to fuh- 
fniiTion, but ftrivc to gain her confent and good will by 
affiduity, perfeverance, and the gentleft attentions; for 
what profpeft of fuccefs would rougher manners afford ? 
To wnat purpofe would it be to compel a colt to go for- 
ward, or turn from fear of the whip or fpur, and to trot 
and gallop fo freely as to fupplc his limbs, and form his 
paces ; if the novelty of the bit, and the unaccuftonicd ref- 
traiut to which it fubjefts him, fhould vex and confound him, 
fo as to make him not know what to do, or how to be- 
have in thefe extremes ? It cannot be expefted, that he will 
be guided, and go with cafe to himfelf, or plcafure to the 
rider, if the i»mrument, by which he is to be condufted, 
offends or gives him pain ; all habits and acquirements 
fhould be attained gradually, and almoft imperceptibly : ri- 
gour and precipitation would ruin all ; and, inftead of form- 
ing the horfe to the execution of what is required, may 
plunge him into vice and rd.ellion, fo as to occafion muen 
tnjuble and lofs of time before he can be reduced. 

He flioiild not therefore, at firll , be confidcred as if he 
was defigned to be formed to all the delicacy and exaftnefs 
of the bit ; and the horfeman fliould be content, if he will 
endure it in his mouth, fo as to grow, by little and little, ac- 
enftomed to it, till the reftraint becomcfi by habit fo familiar 
and cafy, that he not only is not offended, but begins even 
to delight in it ; for this purpofe, great care mould be 
taken that the bit be cafy and gentle in all its paits ; that 
the mouth piece be larger than it need be for an horfe al- 
ready bitted ; that it in no wife incommodes the bars, 
fqiieezes the lips, or galls the tongue. 

The mouth-piece, called a cannon, with a joint in the 
middle, will be the moft fuitable ; the ends of it ftiould be 
as large and full as the fize of the mouth will permit, for 
the thicker and more blunted they are, the cafier they will be 
for the horfe, and the appui lefs ftrift and fevere. 

The links of the curb (hould be big, fmoolh, and well 
oliftied ; the curb fomewhat long. The branches fhould 
e cxaftly even with a line of the banquet, to make the 
appui moderate and equal ; they ftiould likewife be long ; 
nor does' it fignify of what fhape they are, for with moft 
horfes they ought to be fo weak, as fcarcely to have any 
effeft : fo requifite it is to guard againft evv ry thing that 
may annoy or difturb the horfe in thefe fiiil trials. In 
order to reconcile him to this netv coiiftraint, the reins 
Aiould be held in both hands ; ard ti e horfe, for fome time, 
fhould only walk under the rider. Above all, upon this, 
and all other occ^ons, a firm, a light, and diligent hand, 
if aeceflCary. 

iBueh are the outlines and general principles upon which 


the art of bitting horfes is eftablifhed ; which ait, as fcr 
as it reaches, is lure and conftant ; but which, in fpite of 
all the merits and praife of which it haa fo long been in 
poffeftion, will, upon a ferious and ftrift trial, never, I 
doubt, be found adequate to the views of a found and in- 
tclligent horfeman, nor capable of bringing a horfe to that 
degree of fuppleiiefs and exaftnefs of carriage, which the 
truth and perfeftion of tlie art require, tlicfe attainments 
feemiug to have been referved for a more finiplc but power- 
ful machine, called the 

“ To perform his bulinefs juftly and gi-acefully, the 
animal muft firft be made fupplc in his fore parts, and his 
head and neck fo managed, that one may be raifed, and the 
other arched or bent, more or L fs to the hand to whicli he 
is to turn. The bridle, called the bit, is fo impotent in its 
endeavours to raife the head, that it even produces the op- 
pofiteeffcft; nor from the ronfinemcnt in which it keeps 
the lioHc, and the fmall cornpafs it affords for the aft ion of tlie 
rein, does it allow the riderlufficient room to bend him, with- 
out pulling down his Lead, and puttinghim upon his (houlderf, 
both of which are incompatible with the true and found 
principles of the art. I’he frequent life of cavefons ard 
bridons, fully evinces the want of power in the bit to fup- 
ple tlie horfe, or raife the fore part. 

The figures and reprefentations of hoifcs working upon 
different Icffons, may be appealed to for the confirmatiim of 
this affertion: the bookt» of pall limcK abound with them, 
efpecially that boafied work of that king of horftmen, 
the duke of Ncwcaftle, whofc horfes are all drawn with their 
heads between their knees ; and yet arc exhibited to the 
equeftrian world as ftandards of truth, and models of per- 
fcdlion. The fucceffors of this duke, and of other gre;»t 
mailers, as imitators, arc generally a blind and fci'vilc herd, 
ran headlong into the errors, and adopted the faults of their 
predeceffors ; and always made ufe of bits, without rc- 
nefting upon their effefts, or perceiving that they could 
operate to make the horfe carry low, or to put him upon 
his flioulders, while they thought that lie was all the time 
upon his haunches.'' 

“If ever there was a panacea, or univerfal medicine, 
the fnaftlc is one for tlie mouths of liorf's : it fnits all, and 
acconmiodalcs itfelf to all ; and either finds them good, or 
very fpeedily mske s tbeiu fo ; and the inonih once made, 
will be always faitliful to the hand, let U aft with what 
agent it will, l liie bridle can at tmcc fubjetl liic horfe 
to great reftraint, or indulge it in eafe and frt edom; it can 
place the head exaftly as ll'.e horfeman likes to have it, a’^d 
work and bend the neck and fhunlders to what degree he 
leafes. He can raife the head, by holdirg up his hand ; 
y lowering it, it can be brought down ;and ifhcchufcsto 
fix and confine it to a cedaiii df^gree he muft ufc for this, 
as well as for the purpofe of headings double reins ; that is, 
two on each fide, the er ds of which muft bt faftened in a 
ftaple near the pommel of the faddle, or to the girths, 
higher or lower, as the mouth, p^-oportions of the horfe, 
and his manner of going require; and if properly mcafured 
and adjufted, they will form and command the horfe fo 
effcftually, as, in a great degree, to palliate many impcifec- 
tions of the mouth, and many faults in the mould and 
figure.*' 

“ The reins thus faftened, or even one only, for the fake 
of working one jaw and one fide, will ^erate more or lefs, 
as the branches of a bit: and the fnarae will almoft be a 
bit, a bpdon, a cavefon, and martingal, in one. When 
the horfeman would bend the horfe, he muft pull the reia 
on that fide to which he is going, ^d lengthen that of the 
oppofitfi that they may not cou»' ’ ^ each other. No- 
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thing will awaken a dull mouth, and bring it to life and 
feeling, fo foon as this bridle. If the mouth be hard and 
callous, the iron fliould be fo twilled as to have a fort of 
edge, which will fearch the lips, and when they will per- 
mit, the bars alfo ; and if gently moved, or drawn frum 
fide to fide, keep the mouth frefh and cool. If the twifted, 
or rough fi.affle, be thought too har(h, and the hand not 
Iltilful enough to moderate its effeas, a fraootli fnaffle may 
be ufed ; or if a bit of linen be wrapt round the twifted 
fnaffle, it will make it cafy and fmootn ; and the mouth, 
once made line and delicate, will be true to its feelings, 
will obey the f»*affle, and follow the hand with as much 
exaflncffl and precillon as the bit knows to demand, but 
with more freedom a id boldnefs than it ever ca i allow.'^ 
Such arc the properties and merits of the fnaffle, which 
long obfervation, and not a little experience, have taught 
the writer of this article to think preferable (generally 
fpeaking) to thofe of the bit; and which he has been 
therefore induced to point out and recommend with due 
deference to otliers, but with a greater deference to truth 
and juftice. 

Detraherc aufus, 

Hacrentem capiti miilta cum laiuie coronam.” 
Ecrenger’sHill. aud ArtofHorfemanfhip,vol ii. p. 22i,&c. 

Bit is alfo ufed for a little tool, fitted to a ftock or handle, 
for the purpofe of boring. In this foiife, we fay, the bit of 
a piercer, an aiigre, or the like ; meaning that iron part of 
thofe tools wherewith the holes are bored. 

The bit ufed by the block-makers, refembles the (hank 
of a gimblet, from fix to twelve inches long, and from 
half an inch to an inch in diameter, and has at its end either 
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a ferew, a (harp point, or edge, for the purpofe of cutting 
or boring holes. The centre*hit is a bit, having in the mio- 
die of its end, a fmall fteel point, with a (harp edge on one 
fide to cut horizontally, and a (harp tooth on the oppofite 
fide to cut vertically. Holes bored with this inftrument, 
are not liable to fplit. The courUnfunl-lU is a bit having 
two cutting edges at the end, reverfed to each other, which 
form an angle from the point. Gouge-hit is a bit fmaller 
than a centre-bit, with a hollow edge at its end, like a 
gouge. Nofe*lit is a b<t fimilar to a gouge-bit, having a 
cutting edge on one fide of the end. 

Bit ^ is that part fitted at right angles to the 

fhank of the key, wherein the wards are made. See Lock,&c« 

Bit is alfo ufed in Commerce^ for a piece of coin current 
in Jamaica, and valued at yid. 

Bits, or BUis^ in a (hip denote a frame compofed of two 
upright pieces of timber, called the pins, and a crofs-piece 
faftmird horizontally on the top of them ; ufed for belaying 
cables and ropes to. Bowline and brace^hiits are (ituated near 
the nvafts ; the fore jrer^ and topfailfheet bitts are Ctuated 
in the fore caftle, and round the fore-maft ; the main jeer^ 
and top fail fhect bitts tenon into the fore-maft beam or the 
quarter-deck ; the riding bitts are the largeft bitts in the (hip, 
and are thofe to which the cable Is bitted, when the velfel 
rides at anchor. The cable is bitted, or confined to the bitts 
by one turn under the crofs-picce, and another turn round 
the bilt-hcad. In this pofitioii, it may be either kept fixed, 
or it may be veered away. 

Jin iStopp^rs, are thofe (toppers that are ufed to check 
the cable. See Stopppr. 
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BIFUMSN, BhumCi Fr, ^The bitumens, properly fo 
called, form a fpccies of compound mineral inflammables, of 
which the fullowing are the charaders, i. liy expofure to 
the air, and the application of heat, they burn with a flame 
more or lefs vivid, and leave fcarcely any refidiie. 2. By 
deftrudive dillillation, they yield a liquid acid, but no am- 
monia, a variable but fmall proportion of charcoal being left 
beliind in the retort. 3, They are cither liquid, or capable 
of being rendered fo by a moderate degree of heat. 

Bitumens in^ be divided into two families, the non-elallic 
and clallic. To the fonner belong naphtha, petroleum, 
mineral tar, mineral pitch, and afphaltum ; to the latter be- 
long mineral caoutchou, and fuberiform mineral caoutchou. 

§ 1 . Non^ElaJlic Bitumens* 

Na PHTH A, Bergnaphtha^ ifapthe^ Bitume liquide blanch-- 
atrcf is a fubftance of a light brown, or wine yellow 
colour, perfcdly fluid and tranfparent. It is the lighteft 
of all liquids, its fpecific gravity being 5=0.708 to 0.732 : 
it has a ilrong penetrating bituminous fmell ; it takes 
lire with great readinefs, and burns with a bluifli yel- 
low flame and copious black, fmoke, leaving no refiduc. It 
may be redified by diftillation with water, in the fame manner 
as the eflential oils, and then becomes colourlefs, and weaker 
in its odour. It does not combine in any confiderable de- 
gree with either water or alcohol, but unites eaflly with 
ether, with turpentine, with caoutchou, and the eflential 
oils. When rubbed with the cauftic fixed alkalies, it form 
a kind of Starkey^s foap. The concentrated fulphuric and 
nitric acids are decompofed with vehemence upon 14 con- 
verting it into a folid refinous fubllance fuluble in alcohol. 
Even the piircft: naphtha, when expofed to the air, becomes 
firft of a yellow, and then of a brownifh colour, acquires a 
fqmewhat vifeid confidence, and thus pafles into petroleum. 
Naphtha is procured for the moft part from very copious 
firings of this fub dance at B iku on the fliore of the Cafpian 
lea, where it is burnt in lamps in dead of oil, and is ufed me- 
dicinally both externally and internally in rheumatic and other 
complaints. It is alfo met with in Calabria and Tome parts of 
Italy. 

Petroleum, or Rod-oil. Erdohh Stein-ohL Petrole. 
The colour of petroleum is a bldckifli or reddifli brown ; it 
is fluid, though fomewhat vifeid ; it isalmod opaque, is unctu- 
ous to the touch, and exhales a drong bituminous odouri its 
tade is pungent and acid. Sp. gr, 0.747,0.854. Petroleum 
may be rectified by didillation with water, in which procefs, 
the carbon, which thickens and colours it, is left behind in the 
retort, anda colourlefs fluid comes over, pofleflcdofall the pro^ 
perties of naphtha. When petroleum is diftilled per fe^ there 
fil’d arifes fome naphtha, then n watery empyreiimatic acid, 
and ladly a thick dark-coloured oil, a fpungy coal remaining 
in the retort. In its combinations with, and chemical a<dioiiS 
on other fubdances, it pcrfe^ly refembles the preceding fj>c* 
cics. It is found wherever naphtha is, and in many other 
places among dratified mountains, in the vicinity of coal, 
in England, Coalbrook dale, and Pitchford in Shropfliire, 
are the principal places where petroleum is found ; at the 
latter place extenfive ftrata of fanddone are faturated with 


petroleum, and the naphtha, pi-ocured by didillation of the 
done, is fold under the name of Belton’s Bvitifli oil, and is 
edeemed an adive remedy iu drains and rheumatifm. 

Mineral Tar, Barbadoks Tar, Z^^r^MiVr, Coudron 
miner aL This fubdance diffiM's from the preceding only iu 
degree ; it is more vifeid, more opaque, 01 a darker colour, 
and, when didillcd, leaves a larger carbonaceous rclidue. It 
is found native together wuth petroleu»n, and may alio be 
procured by the didillation of coal. 

Mineral Pitch, Maltha* The external cIiara<dtT5 of 
maltha are extremely fimilar to ihofc of common pitch ; 
when heated, it emits a drong unpleafaiit odour. In cold 
weather it may be broken, and exhibits a vitreous ludre 5 
but when warm it is loft and tenacious. 

Asphaltum, Schfachiges Erdpech^ AJfihalte, The colour 
of this fubdance is black or browiiifli black ; it is light and 
brittle; w'hen broken, it difplays a conchoidal fra^lure and 
vitreous luftre ; it has little or no odour, unlefs it is rubbed 
or heated. It is confiderably inflammable, melts eafily, and 
burns away without leaving any refidue. It is principally 
found on the fhores of the Dead Sea, in Syria, and in th« 
ifle of Trinidad iu the Wed Indies 

The principal life of alplialtum is an ingredient in cer* 
tain varniflits, efpecially that ufed by the copper-platc en- 
gravers. 

§ 2. Elaflic Bitumens- 

Mineral Caoutchou, Einftiches Erdpecht Poix mine- 
rale elnjliqne. The colour of this fubdance varies from 
ycllovvilh brown to olivd brown and blackifli or reddifb 
brown. The light coloured is often iu a femifluid date, and 
adheres to the lingers ; the olive brown is folid and eladic; 
the blackifli and reddifli brown are hard and little eladic* 
It occurs ltala£litical, or iuveding, or in mafles. Its fp. 
grav. in the foft \arietic8 is about =0.9, and in the harded 
and lead elallic is— 1.2. It pafles into afphaltum. 

It is partly folublc in fulphuric ether ; but the refidue of 
the folution, after evaporation of the ether, is not cladic ; 
thus forming an eflential difference between the vegetable 
and mineral caoutchou. 

Tliis fingular mineral has been hitherto only found in the 
cavities of a lead mine, near Cadlcton, in Derby fliire, called 
the Odin mine, accompanied by afphaltum. 

SuBERiFORM MiNERAL Caoutchou. This fiibdance, 
when recently cut, exadlly refembles fine clofe cork in its 
colour and texture ; but by expofure for a few days to the 
air, it becomes of a pale reddifh brown colour. It is alfo 
fometimes found friable, and paifing by decompofition into 
an ochraceous powder. It has only been found in a rivulet 
near the Odin mine, whence the preceding is obtained, and 
appears to differ from it, merely by being penetrated with 
water. It occurs in nodules of various fixes, fome weighing 
upwards of 1 3 pounds, the nucleus of which is very common- 
ly the brown perfedUy cladic mineral caoutchou. Fouvcioy 
Syd. vol. viii. Brochant* Miaeralo|;. vol. ii» p, 58. Did. d* 
Hid. Nat. art. Bitumes. Grcn. Syd. Handouch. vol. iii. 
p. i. Hatchet on Bitumens in Linnaeaa Tranf. 
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liiACKf blue% in the MftnuJ'aHures and ArU^ is the coplof 
fomc kind of wood, or othi^r vegetable matter, burnt in a 
♦clofe heat, where the air can have no accefs^ the bcil fort 
is faid to be made of vinc-fValks and tendrils. The good- 
nefs of blue-black conlilh in tlie cleannefs and blue caft of 
its black colour, and the perfect degree of its levigation. 

That this picpaiation, which is (old in the colour-ihops, 
is no other than a vegetable coal, appeared from the follow- 
ing cxpcj'imtMit of Dr. Lewis. (Comm. Phil. Techn. p. 358. ) 
Laid on a red hot iron, it burned and glowed like powdered 
charcoal, and turned into white alhes; which afhes, thrown 
intooil of vitriol diluted with w*ator,very readily diifolved into 
a bitteriili liquor, tlie charadteriltic by which the vegetable 
eaith is diliinguifhed. From w'hat particular vegetable 
matter this blue-black is procured, experiments, he fays, 
cannot difeover : but it appears from thofe which he recites, 
that it may be obtained from many, and that the choice 
of the vegetable fubjedl affe^s rather the foftnefs or liard- 
nefs than the colour of the coal. Dluc>black, perfedlly 
good, may l)e prepared in the manner dire6fed for ivory 
^LACK, from the vine ftfelks, or tendrils, or any other 
twigs of wood, of an acid tafte and tough texture.; but the 
foaking in the oil, preferibed for the ivory, mud be omitted. 

The painters have llue-hlncktt hro*ivn-hlachs^ &c, which 
may be made by mixing pigments of the nefpediive colours, 
with fimple black ones, in greater or lefs quantity, accord- 
ing to the fliade required. The dyers alio have different 
blacks, and often darken other colours by (lightly palling 
them though the black dying liquor ; but the term brown- 
black is in this biiiiucfs unknown, brown and black being 
here looked upon as oppolite to one another. In effe£I, 
ihe colour called brown-black is no other than that wdiich 
all dyed black clothes change to in wearing j and therefore 
it is no w'onder that it (hould be excluded from the cata- 
logue of the dyers’ colours. The true or limple blacks, 
mixed with white, form different (hades of grey, lighter or 
xlarker, according as tk; white or black ingredient prevails 
in the mixt. The black pigments, fpread thin upon a 
white ground, have a like enedt. Hence the painter, with 
one true black pigment, can produce on white paper, or 
on other white bod es, all the (hades of grey and black, 
from the (I'ghteft difcolouration of the paper up to a full 
black $ and tbe dyer produces the fame effeft on white 
wool, filk, or cloth, by continuing tlie fubjeds for a 
il.orter or longer time in the black bath, or making the bath 
kfelf weaker or ftronger. 

M. le Blon, in his “ Harmony of Colours,’^ formsbU k 
by mixing together the three primitive colours, blue, red, 
and yellow; and Mr, Caftcl, in his Optique des couleurs,” 
publi(hed in 1740, fays, that ibis compound black has an 
advantage in painting above the iimple ones, of anfwerinir 
better for the darkening of other colours. Thus if blue, by 
the addition of black, is to be darkeaed into a blue-blacky 
the fimple blacks, if ufed in fufficient quantity to produce 
the requifftc deepnefs, conceal the blue, while the com- 
pound blacks leave it di(lingui(hable« Le Blon has not 
mentioned the proportions of the three primitive colours 
neceffary for producing black. Caftel direfls 15 parts of 
blue, five of 'red, and three of yellow 1 and he obferves, that 
the coloura (hould be the deepefi and darkefi of their refpec- 
tive kinds, and that a combination (hould tie made to 
feversd pigments for each colour ; for the gteatcr the^contraft 
of beterogeneooi and difoordant drugs, the more true and 
beautiful will be the blacky and the more capable of uniting 
with all other colours, without fuppreiling them, and even 


witliout making them tawney. Dr. Lewis, in his experi- 
ments, has not lb far fucceeded as t6 obtain a perfei^ black 
by mixing different blue, red, and yellow powders ; but he 
procured very dark colours, fuch as brown-blacks and grey- 
olacks. 

Black, boney is made of the bones of bullocks, cows, 
well burnt and ground. To be good, it mull be foft and 
friable, of a gloffy caff. It is in conitdcrable ufe, though 
inferior in goodnei's to ivory-black. 

The invention of bone, or ivory-black, is attributed to 
Apelles. Plin. Hift. Nat. lib. xxxv. cap. 5. 

J^'LACK ckali, Ssc Chalk, and Killow. 

Black charcoal. See Charcoal, and Crayons. 

Black, curriers y (ignifies a tciiit or dye laid on tanned 
leather. Tanned leather is fo much impregnated with the 
aftringent parts of oak bark, or with that matter which 
ftrikes a black colour with gi*een vitriol, that rubbing it 
over three or four times with a folution of the vitriol, or 
with a folution of iron made in vegetable acids, is fufficient 
for ftaining it black. Of this we may be convinced by 
dropping a little of the folution on the unblackcd (ide of 
common ftioe-leather. This operation is performed hy the 
currier, who, after the colouring, gives a glofs to the leather 
with a folution of gum-arabic and fr/.e made in vinegar. 
Where the previous aftringent impregnation is infiifliciciit to 
give a due colour, and for thofe forts of leather which have 
not been tanned, fome galls or .other aftringents are added 
to the folution of iron 5 and in many cafes, particularly for 
the finer forts of leather, and for renewing tlie blackncfs, 
ivory or lamp-black is ufed. A mixture of either of thefe 
with linfeed oil, makes the common oil-blacking. See 
Currying. 

Black, dyersy is one of the five fimple and mother coloura 
ufed in dyeing : and given differently, according to the 
different quality and value of the (luffs to be dyed. See 
Dyeing. 

Green vitriol ftrikes a black colour with vegetable aftrin- 
gents, and hence it is the bafts of the black dye for clothe 
leather, hats, &c. And as folutionslof iron with galls, &c. 
produce the fame colour, a method is derived from hence 
of diftinguiihing the minuted portions of iron in mineral 
waters, &c. Neumann. 

The fubftances chiefly employed for producing black 
colour with vitriol are galls. When a decodion br infuftoa 
of the galls is dropped into a folution of the vitriol largely 
diluted with water, the firft drops produce blui(horpurpli(li 
red clouds, which mingling with the liquor tinge it uni- 
formly of their own blui(h or reddilh colour. This differ- 
ence of the colour, fays Dr. Lewis(Com. Ph. Tech.p. 346.), 
feems to depend on the quality of the water. With diliiPed 
water, or the common fprin^ waters, the mixture is always 
blue. A minute quantity of alkaline fait previouffy dilTolved 
in the water, or a ftnall degree of putridity in it, will render the 
colour of tl»e mixture purple or reddidi. Rain-water re^ 
ceived from the clouds, in clean glafs vcffels, gives a blue, 
but if it be colledled from the tops of houfes, gives purple 
witli the vitriol and galls. Both the blue and purple 
liquors, when more of the aftringent infufton is added, 
deepen to a black, more or lefs intenfe, according to the 
degree of dilution ; and if the mixture be a deep opake 
bladi^ it again becomes blui(h or purplilh when further 
dilutM. If it be fuffered to (land in this dilute ftate for 
two or three days, the colouring matter fettles to the 
Bottom in form of a £ne black mud, which, by (lightly 

(hSbing 
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ftakin^ the vcffd, is difufed again through the liquor, and 
tinges it of its former colour. When the mixture is of a full 
klacknefs, this fqiaration does not happen, or in a far lefs 
degree ; for though a part of the black matter precipitates 
in (landing, yet io much remains diffolvcd, that the liquor 
continues black. This fufpeniion of the colouring fub- 
ftance in the black liquid may be attributed in part to the 
^ummy matter of the ailringent infufion increafing the con- 
iillence of the watery fluid, for the reparation is retarded in 
the diluted mixture by a fmall addition of gum a^abic. If 
the mixture, cither in its black or diluted date, be poured 
into a filter, the liquor paffes through c<iloured, only a part 
of the black matter remaining on the paper. The filtered 
liquor, on Handing for fomc time, becomes turbid, and full of 
fine black flakes ; but being freed from thefc by a fecond 
filtration, it again contrat'ls the fame appearance, and thus 
repeatedly, till all the colouring parts are feparated, and the 
liquor has become col ^iirlcfs. The colouring matter, thus 
feparated from the liquor, being drained on a filter and 
dried, appeared of a deep black, which did not feem to have 
fiifTercd any change on being expofed to the air for upwards 
of four months. When it was made red hot, it glowed'and 
burnt, though without flaming, and became a rulty browui 
powder, which was readily attradlcd by a magnetic bar ; 
though in its black date, the magnet had no aiJfion upon 
it. The vitriolic acid, diluted with whaler, and digeded on 
the black pow'der, diflblvcd the greated part of it, leaving 
only a very little quantity of wliitifli matter. Solution of 
pure fixt alkaline fait diflblved very little of it ; the liquor 
received a rcddifli brown colour, and the powder became 
black lOi browm. This refiduum vras attradled by the magnet 
after being made red-hot, though not before ; the alkaline 
tin<Slure, pafled through a filter,, and mixed with folution of 
gum vitriol, druck a deep brownifli-black cfdour, nearly the 
lame with that which relults from mixing with the vitriolic 
folution an alkaline tiiuflure of galls. For an account of 
the rcfult of thefe experiments, fee Lewis, uhl fppra* See 
alfo Iron. 

For broad-cloths, fine ratines, and druggets, &c. the 
dyers ufe woad and indigo ; the goodnefs of the colour con- 
fills in there not being above fix pounds of indigo to a ball 
of woad, when the latter begins to cad its blue flower ; and, 
in its not being heated for ufe above twice, Thtis blued, 
the duff is boiled with alum, or tartar, then maddered $ and, 
ladly, the black given w’ith galls, copperas, and funiac* To 
bind it, and prevent its fmearing in ufe, the duffs xrc to be 
well fcoured in fulling mill, when white, and well wadied 
afterwards. 

For duffs of lefs value, it is fufiicient they be well blued 
with woad, and blacked with galls and copperas : but no 
fluff can be regularly dyed from white into black, without 
paffing through the intermediate blue. 

Yet there is a colour called coal hlartt or JefuU^t hlaclt^ 
prepared of the fame ingredients as the former, and fufiicient 
of iiftlf without the blue dye. Here the drugs are diffolvcd 
in water that had boiled four hours, and dood to cool till 
Ihc hand wrould bear it ; then the duff is dipped in it,, and 
again taken out fix or eight times. Some even prefer this 
black to the other. This method of dying black is faid to 
have been invented by the Jefuits, and to have been praftifed 
in their houfts, where they retained numbers of dyers. 

By 23 El. c. 9. nothing of the nature of cloth fhall be 
maddered for a black, except it be fird grounded with woad 
only, or with woad and antic [blue ind.], unlefs the madder 
be put in with fumac or galls ; on pain of forfeiting the 
value of the thing dyed : provided it mail be lawful to dye 
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any manner cf gall-black, and fitmac-black Iplatn Uacijt 
wherein no madder fhall be iifed. 

Logwood drikes a black with chalybeate fohitions and 
IS employed with thafe liqimrs for daining wood black, as 
pidlure frames, fkc» With the addition of galls, it is ufee! 
for dying cloth and hats black. (Neumann’s Works, 
P; 3 ^ 5 *) "1 black colour is not permanent, though beau- 

tiful, any more than the natural violet dye of the logwood. 

Black may be alfo obtained by a folution of filver in 
aqua foitis, when the previous matter dained with this liquor 
is expofed for fome lime to the fun and air ; and idlo from 
fohitions of lead in ac’d:>, wlicn the fnhjcd^s to which they 
are applied arc expofed to fulphureous vapours, or wafhed 
over vl'ith alkaline fohitions of fulphur. Calces of lead, 
melted with fulphur, form a bluidi or black ifh mafs, iifcful 
in taking cads irom medals. (See Casts.) Befidc?, when 
a folution of filver in aqua fortis is added to a folution of ful- 
phur made in alkaline ley, the filver and fulphur unite and 
precipitate together in the form of a black powder. Sec 
Dying, and Staining. 

Black, earthy is a kind of coal found in the ground, 
which, well poundi'd, is ufed by painters in frefco. Scfc 
/’//-Coal, and Frksco. 

There is alfo a kind of black made of filver and lead, ufed 
to fill up the ftrokes and cavities of things engraved. 

Black, German, or Frankfort^ is made of the Ices of wine 
burnt, then waflied in water, and ground in mills for that 
purpofe, together wiih ivory or peach doncs burnt. Some 
fuppofe, that it is the coal of vine-twigs ; but this, fays 
Dr. Lewis (Com. Phil. Techn. p. 377.), docs not appear to 
differ, in any great degree, from that of the fmall branches 
of other kinds of trees ; but the kernels of fruits yield a coal 
confiderably more foft and mellow, cafily crumbling between 
the fingers into a fine meal. That the Fiankfort black is 
no other than a Mgctable coal, appeared, from its burning 
on a red-hot iron, like charcoal powder, into white afbes, 
and from the allies, like common vegetable aflics, being plen- 
tifully difl'oluble by the vitriolic acid into a bittciifli liquor, 
while the afhes of animal fubdances are very fparingly 
affe^led by that acid, and form with it a compound of a 
difftrent kind of tade. 

This black makes the principal ingredient in the rolling- 
prefs printers’ ink, which fee. It is ordinarily brought from 
Frankfort, Mentz, or Strafbourg, either in lumps or powder. 
That made in France is more valued than that of Germany. 

Black ^4^. Sec Glass. 

Black, harls^ that which remaina in the retort after ex- 
trafting the fpirit, lalt, and oil of hartfhorn. This refidue 
being ground up with water, makes a black not much iiw 
ftrior to that of ivory. 

Black, Indian, See Indian Ink» 

Black, ivory ^ is made of ivory burnt or charred, ordina* 
rily between two crucibles well luted j which, being thus 
rendered perftdlly black, and in fcales, is ground in water, 
and made into troches, or little cakes, ufed by the painters ; 
as alfo by the jcw^ellers to blacken the bottom or ground of 
the collets, wherein they fet diamonds to give them their 
teint or foil. Some recommend foaking the chips or (hav- 
ings of ivory in hot linfeed oil, before it is charred. 

There arc particular machines and contrivances for burn- 
ing the ivory for thefc purpofes, by which the colour is 
rendered more beautiful than that of the coal which remains 
in the didillation. Neumann. 

The goodnefs of ivory black, which is the fined of all the 
charcoal blacks, may be perceived by its fulnefsi without a. 
blue call j and by the finencls of the powder. 
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In the manufiiAure of thi« black much impofttion is 
pradifcd, fo that what is generally fold under this name is 
no other than the coal of common bones. Being applied to 
coarfe piirpofes, and fold at a low price, it is very grofsly 
levigated by the hand or horfc-mills which are employed in 
grinding the bones, and fo much aduherated with charcoal 
diift, which gives it a blue call, that it is wholly exploded 
from delicate ufes, and lamp-black, though inferior with 
regard to the purity and clearnefs of the black colour, fub- 
ftituted for it. 

The following recipe is given in the Handmaid to the 
Arts (vol. i. p. 140.) for preparing it in perfc6tion. Take 
plates, chips, or Hiavings of ivory, and foak them in hot lin- 
ieed oil ; or, if filings arc more eafily procured, they may be 
ufed moiftened with the hot oil. Put them into a veiTel, 
which will bear the fire, covering them with a fort of lid 
made of clay and fand ; which mould be dried, and the 
cracks repaired before the vcfTcI be put into the fire. Let 
this veflcf be placed in a tobacco-pipe maker’s or potter’s 
furnace, or any other fuch fire 5 and let it remain there 
during one of their heats. When it is taken out, the ivory 
wiU be properly burnt ; and miift be afterwards thoroughly 
well levigated on the ftone with water, or to have it per- 
feftly good, be alfo waflied over. The ivory may be con- 
veniently burnt in a calcining or fubliming furnace. 

An opake deep black for water colours is made by grind- 
ing ivory-black with giim-watcr, or with the liquor which 
fettles from the whites of eggs after they have been fnffered 
to ftand a little. Some ufe gum water and the whites of eggs 
together, and they fay, that a finall addition of the latter 
makes the mixture flow more freely from the pencil, and 
improves irs gloflinefs. It may be obferved, however, that 
though ivory-black makes the decpcll colour in water, as 
well as in oil-painting, yet it is not on this account always 
to be preferred to other black pigments. A deep jet-black 
colour is feldom wanted in painting ; and in the lighter 
lhades, whether obtained by diluting the black with white 
bodies, or by applying it thin on a white ground, the parti- 
cular beauty of the ivoiy-black is in a great meafure loft. 

Black, lamp% or lam J 3 lack, originally perhaps the foot 
colle6ted from lamps, is generally prepared by melting and 
purifying refin or pitch in iron veftcls ; then felting fire to it 
under a chimney, or other place made for tlie purpofe, lined 
a-top with fheep-fkins, or thick linen cloth, to receive the 
vapour or fmoke, which is the black : in which manner they 
prepare vaft quantities of it at Paris. In England coniider- 
able quantities are prepared, particularly at tlie turpeiitine- 
houfes, from the dregs and refufe parts of the refinous mat- 
ters which are there manufaftured ; but the greateft part ia 
brought from Germany, Sweden, and Norway. Its prepara- 
tion is deferibed in the Swedifli Tranfaftions for 1754, as a 
procefs dependent on the manufaAure of common refin. — 
The impure refinous juice, coUedied from incifions made in 
pines and fir-trees, io boiled down, with a little water, and 
iirained, whilft hot, through a bag : the dregs and pieces 
of bark, left in the llrainer, are burnt in a low oven, from 
which the fmoke is conveyed, through a long paffage, into 
a fquare chamber, having an opening in the top, in which 
is fattened a large fack, made or fleafy or thin-woven woolly 
feufF ; the foot, or lamp-black, concretes partly in the 
cliamber, from which it is fwept out once in two or three 
days, and partly in the fack, which is now and then gently 
feruck upon, both for ihaking down the foot, and for clear* 
ing the interfticeH between the threads, fo as to procure a 
futticient draught of air through it. The more curious 
airtifts prepare fimp-Uack for the nicer purpofes, by hanging 


a large copper pan over the flame of a lamp with a long wick, 
fuppiied with more oil than can be perfcdlly confumed, fo at 
to receive its fmoke. Soot collefted in like manner from 
fir and other woods, by burning fmall pieces of them flowly 
under a copper pan, is of a deeper black colour than fuen 
as is obtained from the fame kinds of wood in a common 
chimney, and little inferior to that of oils. Tlie foot of 
mineral bitumens, in this clofe way of burning, appears to 
be of the fame qualities with thofe of woods, oils, and refins. 
In fomc parts of Germany, it is faid, great quantities of 
good latnp-black arc prepared from a fort of pit-coal. 

The goodnefs of lamp-black lies in the fulnefs of the 
colour, and in its being free from dull or other impurities. 
The lightnefs of the fuhftance furniftics the means of dif- 
covering any adulteration, if to a great degree ; as the bodies 
with which lamp-black is ful)jc£l to be fophifticated, are all 
heavier in a confiderablc proportion. 

This fuhftance is ufed on various occafions, particularly 
in the printerb’ ink ; for which it is mixed with oils of tur- 
pentine and linfecd, all boiled together. 

It mud be obferved, that this black takes fire very readily, 
and when on fire is very difiicuhly cxtinguiflied : the beil 
method of putting it out is with wet linen, hay, or ttraw ; 
for water alone will not do it. 

A glafs tube elofely filled with lamp-black has been found 
to condud a confidcrable charge of ele(5ricity iiiftantaneoufly, 
and with fcarcc any explofion. But a coating of this fub- 
ftance, mixed with tar or oil, is a perfedt non-condudlor, 
and has proved a prefervative from lightning, by repelling 
the elediric matter from thofe parts of the mails of fhipa 
which have been covered with it. 

Rujfian lamp-hlack is prepared from the foot of fir, and is 
colleded at Ochtanear St. Peteriburg, Mofeow, Archangel, 
and other places, in little wooden huts, from refinous fir 
wood, and the undluoiis bark of birch, by means of an 
apparatus uncommonly fimple, confifting of pots wilhonc 
bottoms, fet one upon another, and is fold very cheap. It 
is three or four times more heavy, thick, and undtuous, 
than that kii.d of painters* black which the Genuans call 

kienrahm,” ancf wliich is called in lluflia Holland’s 
black.** For an account of the fpontaneous accenfion of 
Ruflian fir-black, impregnated with hemp-oil, fee Spon^ 
tancouj Inflammation. 

A mineral lamp-black may be procured from pit -coal, or 
any kind of mineral or foflil coal, by preferving the hlackeft 
particles of the fmoke arifing from it in ignition. Mr. \Vm. 
Row of Newcaftle-upon-Tyne obtained a patent in 1798 
for his method of manufadluring this kind of lamp-black. 
See the fpecification in the Repertory of the Arts, 
vol. X. p. 81. 

Black paint. Sec Paint, 

3 hAVK /and. See Sand. 

Black fcalin^ wax. Sec Wax. 

Black, Zoo/, or chimney^ is a poor colour ; but ready for 
painting black draperies in oil. The loot blacks are m 
general much foftcr and of a more yielding texture than 
thofe of the charcoal kind, and require much lefs grinding, 
for uniting them with oily, watery, or fpirituous liquors, 
into a fmooth mafs ; of fome of them a part is dilTolved by 
water, or fpirits of wine, while none of the charcoal blacks 
have been found to contain any thing dilToluhle. This 
foluble matter of foots, however, is not black like the in- 
dilToluble parts; and in this particular, as w^ell as in the 
colour of the entire mafs, different forts of foot differ from one 
another. Thus the foot of pit-coal colledled in common 
chimney of itfclf rather grey if h black than 0/ a full black. 



BLACK 


feeing inFufed feparateljr in reftifitd fpirit of wine, and in 
water, tingl’d the former of a iraulparent redd'fli colour, and 
the latter of a paler reddidi ; while the deeper black foot of 
^ood gave, Loth to fpirit and to water, an opake, dark 
brnwn. S:f 


Black, fo called, becaufe firft invented by the 

Spaniards, and moil of it bought from them, is no other 
than burnt cork ufid in various works, particularly among 
painters. 



Blast 


Blast* the term ufed at iron founderics to denote the 
column of air introduced into the furnace for thepurpofe of 
combuftion. Its velocity is occafioned by the impelling 
power of the blowing machine forcing the whole contents 
of the air-pump through one or two l^all apertures called 
nofe-pipes ; and, according to the abfolute power of the 
engine, air of various denfities will be produced, fo that 
dcnfity and velocity are always intimately conneded, and 
mutually implied. 

The well-known combuftibility of iron, and the indifpen- 
fible neccfTity of exciting combuftion by the introduAion of 
Urge quantities of condenfed air into the furnace, in contadl 
with ore in various dates of maturity as to reparation, into 
contact with iron exifting in all the modifications of quality 
as to carhonation, and into contafl with an immenfe body 
of ignited fuel, render this fubjed the mod important in 
the major fcale of our manufactures. Unfortunately for 
art, as well as for feience, few practical deduAions can be 
brought forwaM to edablifh any one theory of blad ; one 
common principle only is acknowledged, that all redu£tion 
in the furnace is in confequence of tne combuftion excited 
by the column of air introduced. 

To take a pioper view of this interedin^ fubjed, it will 
be neceflary to fubmit it to the following divifiofis. 

id. Combuftion, as excited in this particular branch of 
inauufa6ture. 

zd. The nature of the fuel fubmitted to combuftion. 

3d. The denfity of the air. 

4th. The quantity. 

5:th. The properties which follow as a confequence of 
denfity and quality. 

id. Combuftion in the blad furnace confifts chiefly in the 
rapid reduction of a given quantity of folid fuel, and its ac- 
companying portion of ore, in the (horteft podible time. 
That furnace, and that blad, which can, in a given time, 
reduce the greated quantity of fuel, all things elfc being 
alike, always manufa£lurc the greated quantity of iron. 
In common, before the introdudion of the blad, the furnace 
is preriouOy filled witfi alternate drata of coke, iron-done, 
and limeftone, fieated by fitnple atmofpherie preflure to « 
bright red ot white heat, and the iron done to a melting 
heat. This temperature is foon increafed throughout the 
furnace, after the blad is applied. The blowing orifices or 
tuyeres of the furnace exhibit the fuel increafing in white- 
nefs, and the iron-ftone rapidly diflblving before the blad, 
of a blackifh colour. At this period, the lava which flows 
from the furnace, in confequence of the redudlion of the 
ore and lime-ftone, is coofiderably charged with iron, and is 
of a black, blackifli brown, or greenifh brown colour. ' 
Thefe appearances will continue for twelve, twenty-four, or 
thirty-fix hours, according to the mode of treatment in 
bringing forward the furnace after blowing. The tuyere( if 
a bright tuyere furnace) will appear like a blaze of uncom- 


monly pure light, at times very oftenfive to the eye; il Ibou, 
however, becomes accuftomed to it, and can with facility 
difeern the individual mafles of coke, as they are forced 
away, with the rapidity of lightning, before the irrefiftible 
force of the air. The concrete ore and lime-ftone are no 
longer vifible ; but a fine metallic fpray is conftantly defeend- 
ing, and, forced from the fuel, precipitates itfelf to the 
bottom of the furnace. The fcoria fonmed by the fiifion 
and union of the lime-ftone, with the immetallic parts of the 
ore, is carried before the blaft in a fimilar manner and form, 
but eafily didinguifhablc from the fluid metal by its buoy- 
ancy, want of velocity when impelled, and by its dull colour. 
In this date, the furnace is deemed in excellent fmelting or- 
der. The iron is generally revived with little lofs j and the 
colour and purity of the cinder or lava fufliciently indicate 
the perfe£^ion of the feparation. When at any time the 
brightnefs of the tuyere tails, and becomes dull white or red- 
difli white, then a change is indicated ; the iron-ftone and 
lime-ftone will again appear in the folid unfeparated date, 
and the change of colour in the cinder infallibly betokens ati 
irregularity in the movements of the furnace. Thefe appear- 
ances are (0 general, asfcarcely to admit of an individual ex- 
ception, and are fufficient to warrant the folio wing explanat ion . 

At the introduftion of the blaft, the interior of the 
furnace at the tuyere was Amply a mixture of ignited mafles 
of cokes and iron-done, the latter partly feminjfed,but the 
greated part merely heated to a bright red heat. In the 
defeent through the furnace, in conlaft with ignited coke, 
the particles of metal in the ore may, by parting with the 
oxygen, have received a difpofition to become revived. The 
increafed temperature creates an additional tendency, by 
eftablilhing a greater force of affinity betwixt the fuel and 
the iron. But the metal approaching to its proper date, 
meeting the current of blad, is immediately iubjedl to a 
partial combuftion. The portion thus oxydated conveys to 
the lava in proportion to its quantity and oxygenation, the 
colour already mentioned. 

As foon as the continuation of the blaft conveys a higher 
temperature to the fuperior regions of the furnace, the ap* 
pearance of the folid matter at the tuyere ceafes. The fufion 
and feparation of the metal from the ore are effeAed in fitua- 
tions more remote from the blad, orchief fource of decompo- 
fition in a temperature more fuited to the nature and exift- 
ence of the metal. The iron, once formed into a fluid, and its 
fluidity preferved, its defeent to the blaft is attended with 
little or no injury to its carhonation. 

To underftand this didtn^ly, it will be neceflary* to ftate 
two curious fa£l8 relative to cad iron in a fluid date $ and 
but for the exiftenceof thefe properties, the manufadureof 
the metal in open furnaces or veflels would be totally im.. 
pradicable* id. Caft iron, while kept fluid, never decom- 
pofes atmofpherie air, and never itfelf becomes oxydated. 
ad. The degree of carhonation palled upon the metid at the 
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moment it enteri into complete fufion^ continues without 
diminution or augm^ation throughout the whole operation 
of the furnace ; ort in other words, caft iron neither receives 
nor lofes carbon whilft it preferves its fluidity. The firft 
fa^ explains the reafon why the iron is preferved from com- 
buftion^ when it defeends oppofite to the cunent of blaft. 
The fecond is a proof that the carbonaceous matter is con- 
veyed to the iron in the furnace by a fpecies of cementation 
previous to fufion ; and that after this point, call iron will 
not take up any addition of carbon. 

To prclcrvc and ellablifh the relation of cementation and 
fufion in the furnace enfures uniform produds. Combullion 
in this prefents us with a gradation of temperature, diminilh- 
ing from the tuyere upwards through thirty or forty feet of 
Ignited matter. The inferior temperature towards the top 
of the furnace heats the materials to rednefs ; an affinity is 
here commenced betwixt the carbonaceous matter and the 
oxygen of the ore ; the latter is gradually removed, and a 
fecond affinity is inllituted betwixt the de-oxygenated par- 
ticles of metal and the carbon : this, as the ore defeends to 
higher temperatures, is rapidly increafed, and by and by the 
faturation of the coally principle is conplete. As the fatu- 
ration of carbon always increafes the fufihility of iron, the 
metal of the furnace enters into fufion at a comparatively low 
temperature, and fpeedily precipitates, through the high tem- 
peratures in the neighbourhood of the blalt, to the general 
refervoir below. 

It is not therefore ncceffary to fuppofe, that the great 
volume of air thrown into the furnace, and the great tempe- 
rature of courfe excited, arc neceffary to the manufadture of 
the iron, fo far as it regards quality ; this, it is more than 
probable, may be injured by it, and even the economy of 
the manufadurc itlelf. Quantity, however, is in general 
fecured ; but this is more the effe^ of mechanical reduction, 
than of any necefiary operation of the blaft upon the ore and 
materials above. 

The Guickcr the body of cokes can be reduced, which 
occupy that part of the furnace between the point of repa- 
ration and the tuyere, the greater will be the neduSbon of 
the whole, and the greater the quantity of mattuftfturcd 
metal. To this point the whole force of the blaft is ditedled ; 
here the chief part of the dccompolition of the atmofpheric 
awr takes place ; and here the deftrudion of the intervening 
cokes is effeded, and that always in proportion to the quan- 
tity of air poured upon their highly ignited furfaoes. 

If we alTume, with a blaft of a certain denfity# any two 
points in the furnace, the one as the point of dccompolition, 
and the other of reparation and fluidity of the metal, fup- 
pofe the former at the tuyere, and the other at the lower end 
of the boihes at A, ( Sec defeription of Blast furnace^) then 
it muft be allowed probable, that a change taking place in the 
denfity, or even in the quantity of the blaft, that change will 
afted not only the points themfelve8,but alfo their relative dif- 
tsnees. The point of reparation may be brought nearer (and 
perhaps injunoufly fo ) to the level of the blaft, the elevation 
of which is fuppoled to remain the fame. The contrary may 
with equal truth be inferred ; that if the point of feparation 
U carried to a more elevated fituation by a change or increafe 
of temperature, the ore may enter into fufion before it has 
remained fuificicntly long in contad with the ignited fuel, 
apd thereby both the quality and quantity may be injured. 

2d. Since pit* coal coke became the ftaple fuel at the blaft 
furnace, the denfity and quantity of air deemed nwcflhry to 
epfurc combuftion and quantity, have been yearly inertaung. 
The various qualities as to hardnefs or foftnefs, purity and 
effed, have given rife to a multitude of opinions, which arc 
the moft appropriate quantity and denfity of air for refpcc* 


rive qualities of cokes. The blaft of the furnace, in confe- 
quence, lias at different places varied from i { to 4 lb. of ex- 
panfive force upon the fquare inch of the air vefleL Moft: 
of the Englilh works are blown with air not exceeding 2 lb. 
upon the fquare inch, as being the moft proper medium of 
denfity, and beyond which the materials would be over- 
blown. Englilh coal, in genci^al, is foft in its fofiile ftate, 
but rich in carbon, and nee from mixture. In Scotland, 
where the coal is found in denfe ftrata, and forms heavy coke, 
the blaft is ufed from 2 lb. to ij. lb. per inch. Thofe who 
have adopted denfe blafts declare, that quantity of iron is 
incompatible with a column of air inferior to the meafure of 
their ftandard. Either the prejudice is very general, or 
there really muft exift a dired analogy between the nature 
of the blaft and the denfity of the coal. 

The operations of the charcoal pig manufadory were 
conduded with blafts of a trifling denfity, feldom exceeding 
I } lb. upon the inch, and often under this. Denfe blaft, 
it was believed, over-ran the furnace, moft probably by 
exciting too great a temperature, and frequently had a ten- 
dency to dilclmrge the materials from the furnace top. 
There never yet have been any dired experiments made to 
afeertain upon what this variety of pit-coal depends ; whe- 
ther cxclulivcly from its denfity, or from containing the car- 
bonaceous matter in more purity or greater difengagement. 
Perhaps both arc neceffary to be taken into account, before 
any fatibfadory explanation can be given of the fads now 
ftated and generally admitted. 

5d. The denfity of a column of air depends upon the 
power of the blowing machine, and the proportion of the 
area of the fteam cynnder to that of the blowing cylinder* 
Tables of th.‘ powers of fteam engines, and the diameters of 
cylinders requifite to condenfe air from lb. to 41b. upon 
the circular inch, will be found under the article Blowing 
Machine. It will appear evident from thefe tables, that 
fteam cylinders of the lame diameter, and working at the 
fame power, when employed to raife air of various denfities, 
do not difeharge the fame quantity of atmofpheric air in any 
given time. The larger the area of the blowing cylinder, 
the number of ftrokes being the fame, the greater will 
be the quantity of air difeharged into the furnace. The 
reverfe is the cafe with blafts progreflively more denfe ; fa 
that any part of an engine’s power may be employed, not 
in raifing the true principle of combuftion — air, but in con- 
dcufing a comparatively frnall body of air, fo as to give it 
additional velocity. 

To fix the point, or maximum, of the moft profitable 
denfity, has hitherto been unattainable. The circumftanccs, 
deemed intimately connt<Slcd with coal, render it neceffary 
to accommodate the blall to the combuftibility of the fuel ; 
were this not the cafe, it would be difficult to overturn the 
following reafoning, and to exhibit an inftance where it 
might not be found generally applicable. Combuftion in 
the furnace will be excited in proportion to the quantity of 
air introduced. A blowing machine, that with the iiume 
power of fteam cylinder threw into the furnace double the 
quantity of air, though of an inferior denfity, would reduce 
a greater quantity of combuftiblc matter than one oppo- 
fitely conftru£led ; or, in other words, 5000 feet of air per 
minute entering a furnace would produce greater cffedls than 
3000 feet, although the latter were compreiltd into nearly 
half the bulk of the former. 

The moft plaufible theory of blaft is to fix upon the low- 
eft denfity at which the air can be forced into the furnace, 
and then proportion the diameter of the air-pump .to .the 
power pf the fteam end. Suppofe that this could be effeded 
at half the denfity ufually employed, then that part of the 
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engine's power ufeJ formerly to comprefs the air to 3 or 
4 lb. would now be citijdoyed in a blowing cylinder of larg- 
er diameter, railing per minute, or indeed per ftroke, from 
100 to 203 cubic feet of air. Oppofed to this there fland 
two f<n*midabic objections, refulting from the nccellity of 
ufing blowpipes or nozles of increafed diameters, from 
which to dilcharge the additional quantity of air, makfng up 
in area what is wanting in velocity to difeharge the air in a 
given time. The firft is a rc-aClion of the air, fo powerful 
as to ilTuc back from the tuyere with a velocity little fhortof 
that at which it enters. This, with nofe-pipes of 2, 
and from tliat to 3 inches, is fcarccly felt when the blaft is 
foft, and may be entirely obviated by a judicious arrange- 
ment of the tuyere iron and nofe-pipe ; but with pipes 
from 3 to 4 and 4 5^ inches diameter, the recoil increafes 
as the fqunics of the diameters of the blowpipes, and even in 
deiife blad.i the recoil increafes wdtli the ^Jiameterof thedif- 
cliarging pipe. It is therefore probable, that to blow with 
a nolepipe 4 or 5 inches diameter, fo as to have no recoil, a 
velocity or den lit) of aii w'ould be requifite beyond any 
thing yet in ufe. 

Thole wlio advocate for the ufe of a foft blafl, either 
upon the pica of their materials, or as being the moll advan- 
tageous metliod of iding any given mechanical power, fre- 
quently fed till' full efieCls of the recoil of a confiderable 
portion of the w hole blall. But to obviate this, and to gain 
the advantage of the whole air, the blowpipe is cnclofed in 
a moveable frame or building, w’hich is made air-tight at 
cver\' cafi, and completely prevents tlie return of the fmalleft 
portion ot it. The combullion at thefe furnaces is carried 
on w'ith equal elFcCl, ami the refulting produdls in iron equal 
in point of quantity and quality to thole where blafts of double 
denllty arc ufed. 

Apin, at other furnaces, where a foft blaft had been ori- 
ginally preferred, the plan of forcing back the recoiled air, 
in order to make up in quantity what was now deemed to be 
deficient in denlity or velocity, has been in vain attempted. 
Tlie tuyere irons have become immediately heated, andburnt 
back wdtli violence. The materials would not admit of the 
tuyeres being raifed fiifficiently high to prevent the cinder 
from flowing back into the bag, which connedls the large 
and fmall pipes, and deftroying it. Even in more than one 
inftance, the entire tuyere fide of a furnace has been loft in 
endeavouring to eftablifh this plan of blowing, where cither 
the materials would not anfwer, or from fome mifconception 
an the mode of operating. Where a furnace works uniformly 
with a dark or honey-combed tuyere, this mode of blowing 
tnay be attended with the greateft fuccefs. In all new erec- 
tions, however, tlie blaft ought to poifefs of itfelf fufficient 
velocity not only to enter the furnace, but to afeeud through 
the materials, without admitting of .my important recoil. 

The fecond obje6lion, ariling as a confequence of the 
want of velocity, and of being obliged to ufe pipes of a 
larger diameter to carry in the full complement of air, arifes 
from a belief that a large pipe never makes the metal of a 
good quality. Tliis deduflion is perhaps not altogether 
corredl ; but it Teems highly probable, that in the ufe of a 
comparat ively loofe blaft, only a fmall portion of the air pafteH 
through the furnace without decompofitioii. The point of 
feparation may by this means be changed, or perhaps be 
raifed too high for the prefervation of the metal, immedi- 
ately previous to feparation. As the increafed temperature 
prevails upwards, the affinity between tlie particles of metal 
•n the iron-ftonc, and the carbon of the fuel, may be earlier 
eftahlifted, and no ultimate evil confequence, in point of 
reafoning, ought to enfue. It tmpears from numerous ob- 
servations, that the quantity of taon-ftone, which a given 


weight of cokes fmeka, and to the metal of which is conveyed 
the carbonaceous principle, is confiderably dependent ujxm 
the diameter of the blowpipe. Suppofing the ore of equal 
richnefs, the fmaller the pipe, the greater burden will the 
coke carry, and the cheaper will the iron be made per ton, 
fo far as materials are concerned. On the contrary, with 
large pipes, whatever the denfity of the air may be, tlie quan- 
tity of coals neceflary to manufafture an equal quality of 
pig iron will be increafed, and the coll of the iron is alfo 
enhanced. As an equivalent for this, however, the quantity 
is confiderably increafed with neirlykhe fame amount of la- 
bour ; fo that it remains a queftion with the munufa£lurer, 
whether the additional coll of coal is compenfated by the 
extra produce of metal he is enabled to bring to market, 

4th. The quantity of air difeharged into the furnace, un- 
der the appellation of blaft, depends upon tlie number of 
ftrokes or cylinders whicli the engine makes per minuti*, 
and on the area and diameter of the air pump. This is in- 
dependent of every confideration of denllty iiud increafe of 
power in the fteam cylinder, fo long as the blowing or air 
cylinder remains the fame, and the engine performs the fame 
difcharges ; the mcafure of atmofulieric air, wliicli enters 
the furnace, will remain the fame. The rapid improvements, 
which of late years have been made in the blowing machine, 
have increafed the quantity from 1000 to 4000 feet per mi- 
nute per furnace ; and the quantity or produce in iron has 
been alfo confiderably increafed. We by no means, how- 
ever, find that the increafed manufadliirc of iron has been iu 
the exad ratio of the quantity of blaft thrown into the fur- 
nace. Many inftances of late years have been noticed dur- 
ing the tranfition from the old to the improved modes of 
blowing, wherein the proportion has had little or no fimila- 
rity. 

Fifteen hundred feet of atmofplieric air in one minute was 
found in moft fituations equal to the manufadlure of tw^enty 
tons of ‘melting iron ; in the fame fituations, 3000 feet in 
the fame time has never exceeded thirty tons per week ; and 
in one particular trial for two weeks, the difeharge of 6000 
feet, being the whole produce in air of the engine, the pro- 
duce in iron never exceeded 36^- tons. In the lall cafe, the 
quality of the iron was irregular, and the quantity of cokes 
lor each ton of metal thus produced was confiderably in. 
creafed, although the iron was of inferior carhonation. 

Without recurrence to the diameter of the air cylinder, 
and the particular movements of the engine, the fame fa£ls 
have been frequently deduced from the diameters of the nofe- 
pipes. We have frequently feen air difeharged under a pref- 
ture of 2i lb. upon each fquare inch, but wi^h a pipe of 2^ 
inches diameter, reduce materials, and manufadlure good 
melting iron to the extent of 20, 22, and 2y tons per week ; 
and in the fame furnace, and with the fame materials, the 
air difeharged by 2 pipes, each 2i inches, under a preflure 
of 3 lb. upon each fquare inch, the produce never exceeded 
30 tons of metal of an equal q^uality, but more frequently 25 
to 28 tons. One obfervation llill moredircdl, and made witn 
a blaft of a denfity equal to lb. per inch, and difeharged 
by one pipe of 2g inches diameter, frequently manufadlured 
22 tons fine melting iron weekly ; another pipe was added 
to the oppofite tuyere of the fame diameter, and tlie quantity 
of metal weekly was never increafed beyond 32 tons, and 
upon an average of fix months only *7 tons. Thcfc are cu- 
rious facls relative to the nature and effedls of blaft, and ex- 
hibit the inveftijgation of its principles as a matter of fingu. 
lar importance in tlie economy of the manufadlure* 

One remark was made relative to the burden of ore in the 
iaft ftated fa£l, that with the fmall pipe a given weiglit uf 
cokes fmelted and carbonated the metai in 3 cwt* of iron 
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ftone ; but after tbe two pipes were added, tbe wefglit of 
iron-ftone, to produce an equal quality of iron, was reduced 
to 2}, ami afterwards to zi ; producing in the fira inllauce 
per charge if cwt. of iron upon an average, but latterly not 
above I cwt. and lolb. of iron of equal qualities. Another 
obfervation^ in the fame cafe, with every attention paid as 
to velocity, quantity, and temperature of air, may be ad- 
duced as of equal importance, though fomewhat different in 
its mode of application. 

Under a preffure.of albs, a 3f pipe was found upon the 
average of i8 weeks to manufafturc 20 : 12:0:0 tons 5 a 

inch pipe, 20 : 5* Upon an average of 1 1 vi^eeks, and 
a +J pipe* 22 : 5. Their rcfpcaive areas, and iron pro- 
duced, will (land in oppofition thus : 

3! pipe, area 10.6625 quantity of metal 20.12 
3f • • 12.25 ... 20.5 

4f - • 18.0625 - - . 22.17 

It is but fair to ftatc that the effeds of combuftion, fo 
far as it related to the redudion of a quantity of fuel, was not 
in the fame unequal proportion as the quantity of metal to 
the mcafurc of the air. The quantity of redudion was 
with the 3f pipe equal to 25 

3f • • 3^ 

4f - - 38 

But the capacity of the fuel to carbonate the original quan- 
tity of iron, diminifhed in nearly the fame ratio as the com- 
buftion increafed ; fo that the fame meafure by weight which 
carbonated 140 lbs. of iron mth the pipe, was unable to 
carbonate more than from 96 to looTb. ot the fame quality 
with the 4i pipe. This obfervation was made previous to 
the one laft mentioned, and reafoning upon the fubjed ltd 
to the pradice detailed in that experiment. It will appear 
therefore conclufivc, that the fame body of blaft may, with 
greater advantage and economy, be introduced through 
two pipes tlian through one, and this for two reafons. The 
redudion is equal, and the quantity of fuel reduced, fmelts 
and carbonates a larger portion of metal per charge ; but it 
will appear from both calcs equally conclufive, that the capa- 
city of the fuel to convey carbonation is in the ratio of the 
fmallnefs of the pipe, or the redudion of the quantity of 
air. 

This is in unifon with what was ftated under the parti- 
cular ** Combuftion that a large volume of air, fo far as 
it related to the inftitution of affinity between tbe coally 
principle of the fuel, was probably more hurtful to the car- 
bonaiion than otherwife ; but that in fo far as it haftened 
the completion of the affinities, the redudion of quantity, 
and above all increafe of produce, though merely as an agent 
deftroying the fupcrfiuous fuel, it may be confidertd as giv- 
ing the manufadurera fiiperiority over his procefs by means, 
the extent of which he never could formerly command. 

Tradition has, though rather impcrfedly, conveyed to us 
fome fads which our forefathers feemed to have underfiood 
and pradifed with better effed than their poftcrity. In ope- 
rating with charcoal furnaces, and a blaft proportioned to the 
fcanty means then in ufc for the purpofe of producing forge 
pigs, the whole air was conveyed into the furnace by means 
of a pipe 2, or at moft 2i inches diameter ; but when grey 
metal was wanted, the fame body of air was divided and in- 
troduced by two pipes, whofe joint capacity was equal to 
the former. 

It appears therefore an enquiry of fome importance to tliofe 
embarked in iron founderies, to afeertain how far this tendency 
of the fuel to increafe the carbonaceous principle proceeds in 
the ratio of the diminution of the blowpipe. If general ob- 
fcrvation confirmed the particulars here ftated, the effeds of 
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carbonation might be greatly^ increafed, and tbe quantity 
perhaps little reduced, by introducing the fame quan* 
tity of air by means of four, fix, or eight fmall pipes, 
whofe conjoint areas fhould be equal to the original column 
of Wall. ^ 

5. From quantity and denfity of air, there may and do 
rciult peculiar properties of blaft, which may aftea the ope- 
rations of the furnace, and which once fully underftood may* 
help to explain the fads hitherto unaccounted for, and 
which we before noticed, fads refulting from accurate ob- 
fervation would prove an invaluable fource of information 
upon this fubjed ; and it is with regret that we can fumtfti 
no perfed aerological table of the different temperatures of 
air under different denlities or degrees of comprclfion. The 
following, wc believe, contains the only colledion of tem- 
peratures hitherto noted ; and as it relates to only one degree 
of comprcffion, the fatisfadion it affords mull be only 
partial. 

TABLE of 30 obfervations made in fummer upon various 
temperatures of air before and during the ad of com- 
preuion, compared with the thermometer in the (hade. 
The air thus afeertained, was received into a maga- 
zine containing 2500 cubical feet, free from moifture 
or damp entirely. 
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TABLE of 30 obfervations of the fame nature made in the 
winter months. 



There can arife no doubt but that heat is extricated by 
comprellion from atmofplieric air ; and that it is further pro- 
bable, that the quantity of heat difengaged is in proportion 
to its condenfation. If, therefore, we are allowed to reafon 
upon thisfubjeft, we (hould ftate the following as a confide- 
rablc approximation towards truth. It is univerfally believed 
and felt, that combuftion in the blaft funiace in June, July, 
and Auguft, is confiderably diminifhed, as a confequeiice of 
the increafed temperature of the air. The metal, in thefe 
months, is frequently debafed in point of carbonation, and 
diminifhed nearly one-half in point of quantity. We (hall 
fuppofe that this takes place at a temperature of 100, which 
has been proved to cxift under a prefTurc of 2^ pounds. The 
reverfe of this happens in the cool feafon of the year, and 
particularly in the winter months. The furnace then yields 
the largeft quantity of iron, and in the moft profitable 
manner. This, with the fame probability, takes place at a 
temperature of 50 found in the table. 

It would therefore appear to refult from thefe, that two- 
thirds, or one-half of tne iron only, is ncanufsAurod at a 
tcmperatuie of 100, than in winter at 50. The difference 
between tlicfe degrees of temperature amounts to 50, and 
mplb probably in combuftion affedU the operation as fenfibly 


as the human frame is affefled by a tranfition of temperaturt 
equal or fimilar. It is not neceffary now to ftate the differ* 
cucc between fummer and the deufer air of our winter, the 
circumftances of evaporation and aqueous folution; thefe 
(hall be particularly attended to in the general procefs of 
maniifafl:uring iron. The great difference of temperature 
arifiiig (imply from comprellion feems to us adequate to 
explain many phenomena regarding the blaft furnace. Our 
knowledge, however, upon this lub ef^, can only tc for^* 
warded by a general collcftion of fadts well alcerlained, 
(hewing what are the various degrees of heat made fenfiblc 
by the comprefiion of the blowing machine under every den- 
fity ; what the difference in temperature, the dcnfities being 
alike, when the air is received over water, in the air-vault, 
or in the regulating cylinder. Fnnn thefe it might moft 
probably refult, that the higher the denfity of the air, the 
greater w'ould be the degree of heat manifefted j and it might 
alfo follow, that in the ratio of this denfity, or temperature, 
when the air was received over water, fo would be the eva- 
poration or quantity of water fufpended in the air, and of 
cottrfc difeharged into the furnace. 

This article may be concluded by the following remarks ! 
— That all iron works are not alike affefted by the heat of 
the fummer months. Many iron works preferve the qua- 
lity of the iron, though at the expcnce of fuel, and with 
lol’s of quantity ; but at other places no extra quantity 
of fuel will compenfatc, either as to quality or quantity, for 
the want of cool air. Neither fituation nor deulity of blaft 
will explain this curious circumftance ; for with blafts of 
equal denfity and quantity, works fituated not 50 feet above 
the level of the fea have been found to manufadiure a greater 
quantity of foft iron in fummer, than at a fimilar work, not 
ten miles diftant, fituated at leaft 250 feet higher. At both 
of thefe works the air is received over water ; and no material 
alteration in the ufe of that air is or can poffibly be applied. 
The caufes of this difference mull be fought for in the 
nature of the coal and iron-ftone ufed at both works, the 
iHve (light ion of which, however intcrefting, would prove a 
moft laborious undertaking. 

Blast Furnace^ a large conical or quadrangular building 
ufed at iron works for fmeltiiig iron -Hones and ores. 

Blast Furnace^ Defeription of, 

Plate ( Chemlfiry) II. I. reprefents a blaft furnace, and 
part of the blowing machine conftrudled upon what at one 
lime was the general plan at iron works. 

A, the regulating cylinder, eight feet in diameter, and 
eight feet high. B, the floating pi (Ion loaded with weights 
proportioned to the power of the machine. C, the valve by 
which the air is palted from the pumping cylinder into the 
regulator; its length 26 inches, and breadth ii inches. 
D, the aperture by which the blaft h forced into the furnace. 
Diameter of this range of pipes 1 8 inches. The wider thefe 
pipes can be with convenience ufed, the lefs is the Trillion, and 
the more powerful are the effefts of the blaft. E, the blow- 
ing or pumping cylinder, fix feet diameter, and nine feet 
high ; travel ot the pifton in this cylinder from 5 to 7 feet 
per llroke. F, the blowing pifton, and a view of one of the 
valves, of which there are (ometimes two, and fometimea 
four, diftributed over the furface of the pifton. The area 
of each is proportioned to the number of valves, commonly 
they are 13 — 16. G, a pile of folid ftone building, on 
which the regulatuig cylinder reds, and to which the nanch 
and (lilts of the blowing cylinder are attached. H, the 
fafety valve, or cock, by the Ample turning of which the 
blaft may be admitted to or (hut from the furnace, and paffed 
off by a collateral tube on the oppofite (tde. I, the tuyere 
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by which the Maft enters the furnace. The termination of 
the tapered pipe, which approaches the tuyere, receives fmall 
pipes of various diameters from two to four inches, called ( 
nofe^pipes. Thcfe are applied at pleafure, as the furnace ' 
may be deemed to require an alteration in the volume or 1 
denfity of the blaih K, the bottom of the hearth, two feet < 
fquarc. L, the top of the hearth, two feet fix inches fquare. ' 
KL, the height ot the hearth, fix feet fix inches. L, is the 
bottom of the bolhes, which here terminate of the fame 1 
fizc as the top of the hearth, only the former arc round, and 
the latter fquarc. M, the top ot the bolhes, twelve feet dia- : 
inctcr, and eight feet of perpendicular height. N, the fur- 
nnee-top, at which the materials are introduced, or, as it is 
commonly called, charged ; three feet diameter. MN, the 
internal cavity of the furnace from the top of the bofhes up- 
wards, 30 feet high. NK, total height of the interior of 
the furnace, or working part, 44^ feet. 00, the lining. 
This is done in the niceft manner with fine bricks, from 
twelve to fourteen inches long, three inches thick, and ta* 
pered to fiiit the circle of tlie cone. PP, a vacancy which 
is left all round the outfide of the firft lining ; three inches 
broad. This is fometimes filled with coke dull, but more 
often with fand firmly comprefltd. This fpace is allowed 
for any expanfion which might take place, either by an in- 
creafed volume of the furnace itfclf in heating, or by the 
preffure and weight of the materials when defeending to the 
furnace bottom. QQ, the fccond lining, fimilar to the 
firft. The objeft of thTs is to guard againit the entrance of 
the flame into the mafs of common building, by rents which 
may take place in the firft lining 00. R, a call-iron lintel, 
on which the bottom of the arches is fupported, eight feet 
and a half long, and ten inches fquarc. RS, the rife of the 
tuyere arch, fourteen feet high on the outfide, and eighteen 
feet wide. VV, the extremes of the hearth ten feet fquare. 
This, and the bolhing ftones, are commonly made from a 
coaHe-gritted fand Itone, whofe fra£lurc prefents large 
rounded grains of quartz conne^led by means of a cement 
Icfs pure. 

Fig. 7. reprefents the foundation of the hearth, and a full 
view of the manner in which the falfc bottom if con- 

ftruded. ^ n P 

A A, the bottom ftones of the hearth. B, a ftifatttm of 
bedding fimd. CC, paflages by which the vapour gene- 
rated from the damps is pafled off. DD, pillars m bnck. 
The letters in the horizontal view of the fame figure corre- 
fpond to fimilar letters in the dotted elevation. 

Fig. 8. A A, horizontal fcaion of the diameter of the 
bofhes ; the lining and vacancy for ftufhng at M. C, view 
of the top of the hearth at L. . . m 

Fig, 9. Vertical fide fcdlion of the hearth and bofhes, 
fttewiiig the tymp and dam-ftopes, and the tymp and^ dam 
plates. «, the tyrop-ftonci b, tlie tymp-plate, which it 
wedged firmly to the fide walls of the hearth ; t, dam-ftone, 
which occupies the whole breadth at the bottom of the 
hearthi excepting about fix inches, which, when the furnace 
is at work, is filled every call with a ftroiie binding fand. 
This ftone is furmounted by an iron plate of a confiderablc 
thickneft, and a peculiar (hape, i/"; and from this it is callra 
the dam-plate. The top of the dam-ftone, or rather Uie 
notch of the dam-plate, is from four to eight inches under 
the level of the tuyere-hole. The fpace under the tymp 
plate, for five or fix inches down, is rammed eve^ can, full 
of ftrong loamy earth, and fometimes even with fine clay. 

iHiis is called the tymp ftopping. . ^ r rnu 

The fquarc of the bafe of this furnace is 38 feet. The 
extreme height, from the faKc bottom to the top of the 
crater, tnealures 55 feet. 


Bf.AiT Furnaces 9 Conjlru&totiof. 

Thcfe furnaces tire fometimes built of an external qua- 
drangular form, entirely of fand ftone, and lined, in contaft 
with the fire, of the fame materials ; fometimes they arc 
built conical, entirely of bricks, or with fand ftone oh the 
outfide, and linings of both common and line bricks 
within. 

One great dcfidei*atnm in the conftruftion of furnaces, is 
to countei“aft the effefts of a powerful expanfion, which al- 
ways take place, to a greater or Icfs extent, after heating, 
and the introduftion of the blaft, and which has frequently 
proved fatal to the exiftcnce of the entire fabiic. 

In the general ftylc of building, all are agreed that the 
pillars, which fiipport the arches, and of courfe the whole 
fabric, oiiglit to be done in the moft fiihftantial manner. 
But beyond the arches, a variety of methods has been 
adopted to enfure a complete fabric, free from large open- 
ings or rents after a few weeks blowing. 

Some iron-mafters are of opinion, that the fame degree of 
firm building, that is beftowed upon the pillars, ought to 
be continued to the top, with the addition of binders of flat 
iron prefling with their edges againft the body of the building, 
or with four ferewed bars, ftifl pafling through the external 
building, and forming one fquare binuer, if the (hape of the 
furnace is quadrangular. Another fpcctcs of binder is ufed 
for fquare piles, made of call iron of a prodigious ftrength 
and weight. The individual pieces forming this binder, 
have, at their extremities, mortifes, which mutually receive 
each other, with a confiderablc extra fpace for the expanfion, 
which is invariably experienced afterwards. Other iron- 
mafters, again, prefer rearing a fubftantial (hell of building, 
and filling the interior fpace towards the linings, cither with 
dry bricks, or ftones loofely laid together. When the mafs 
of building becomes thoroughly heated by the kindling of 
the fire, and the introdudlion of the blaft, the interior of the 
furnace expands confiderably, and the aAion is fuppofed to 
be merely confined to the wedging together of the loole parti 
of the building. By the lime that this is effefted, the ex* 
panfion is fuppofed to have ceafed, and the exterior ftcll of 
the furnace is preferved entire. Others, equally anxious to 
form a perfed building, have given an oftagonal form to 
that part of the furnace above the arches, that the 
binding might be more happily effeded. Some have 
affumed this form, with the addition of fcmi-circular re- 
ceffes in the fidcs of the odagon ; their convexes being 
ftrongly arched to refill the powerful preffure expeded from 

within, tr n. t 

Still more determined to defy the all-powerful effeds of 
expanfion, others have hollowed furnaces from the folid rock, 
forty to fifty feet high, and lined thcfe iramenfe perforations 
with fine bricks in the ufual form. 

Where fuch a variety of form and of method exifts in cf- 
feding the fame purpofe, and where the inftauccs of expe- 
riment have been very numerous, every mode of conftrudioa 
can boaft of a folitary inftance of complete fuccefs, exc^t- 
ing in the cafe of the rock, which was only once attempUd, 
and which, after the introdudion of the blaft, opened from 
four to fixjnches from top to bottom. 

There arc fo many circumftances.to be taken into the ac- 
count, befideffthe mere form of the building, that unlefs thcfe 
arc all equally guarded againft, the chances arc in favour of the 
furnace opening confiderably. If the building isconftruded 
of (and ftone, and if this material is carried from the quarry 
as it is wanted by the workmen, an immenfe proportion of 
water is thus introduced, which bv a little forefight might 
have been avoided. Sand ftones of a>mmon denfity as to 
fradure, contain, when taken immediately from the quarry. 
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from 8 to 10 per cent, of water, and coarfer gritted ftones 
from JO to iz. Taking the average lo per cent., then in 
a furnace of equal dimeafions to the drawing in Plate 1 1 . 
Jig. 6. the fand ftonc of which will weigh upwards of tzoo 
tons, there will be introduced 1 20 tons of moiftiire. This 
quantity is always confiderably increafed by the portion of 
water neccfTary to reduce the fime to mortar, and frequently 
augmented by the moift ftate of the weather during 
building. 

The evaporation of this immenfe body of water is the 
fource of aU the mifchief which takes place in the (hell of 
the blall furnace ; nor is it much to be wondered at, where 
every precaution is not ufed to bring the heat forward in 
the moll gradual manner, preferving the clearnefs of the 
vents, and allowing the moilhire infenlibly to pafs away ? 

Ill lituations where bricks can he obtained, tlie moiilure 
of the fand ftone is avoided, but the great extra quantity of 
lime, which is ncccflary to build with bricks, introduces 
through the medium of the mortar an almofl equal quantity 
of water, as with fand ftone. This has been obviated in 
part by uling foft clay in the interior of the walls ; but as 
clay feldom binds to any great extent, the general pulh 
of the furnace muft be trufted to good binders xirom 
without. 

In the conftrudlion of all blaft funiaccs, a complete vent- 
age ought to be prcfei*vcd by means of narrow flues, or paf- 
fages proceeding horizontally from the middle of the lolid 
/hell, or within two feet and a half of the interior to the 
outfide. Thefe ought to be connected with a circular chan- 
nel, or gutter, of the fame dimenlions, proceeding round 
the circumference of the furnace ; fo that if any one \ent 
were choaked in the general expanlion, the moiilure con- 
da£led by it might ealily vent itfelf among the other open- 
ings. The vents cannot well be too numerous ; and as they 
feldom exceed four inches fquare, the building cannot be 
materially weakened by them. 

In addition to the horizontal channel of communication, 
fome builders carry up in the main building of the furnace 
four, fix, or even eight perpendicular flues, which commu- 
nicate with it and the openings that proceed horizontally to 
meet the external air. See Plate VIII. Jigt. 2> 3> 4* 

Either of thefe methods may be confidcred as jull precau- 
tions to infurc the exiftence of the furnace, but adopting 
them in the fulleft and moll complete manner, is not always 
accompanied With fimilar fuccefs. If circumftances formerly 
noticed concur in occafioning an extra degree of expanfioii, 
the prelTure of the lining againft the common building of the 
furnace often deranges the fy Hematic order of the vents, 
puihes the bricks into contad with each other, and fmo- 
thers for a little while, though to gain more fatal elaftic ef- 
fedls, the increafing volume of the vapour. 

After fuch a diverfity of opinion upon a fulfiedl of fuch 
general importance, wherein each refpeftive claw of votaries 
can boaft of complete fuccefs from its peculiar plan, it may 
be difficult to point out one more generally attended witn 
good eftcdls than another. The following, however, may 
deferve the ferious confideration of the manufadurer <h 
pig-iron. 

Of whatever materials the furnace is conftruded, let them 

E offefs no more moifture than is fufficient for th^ proper 
uilding. The thicknefs of the common building not to 
exceed, at its greateft breadth, 6^, or 7 feet. In the middle 
of the wall, a fpace of four or fix inches ought to be left 
clear all the waj to the furnace top. Into this vacuity fliould 
be introduced (mall fragments of land-fione, about the fize of 
an egg and under. When the expanfion, proceeding from the 
fire building of the intcripr, caiitm the bricks immediately in 


contaft to pufb outwards, the malTei of faod-ftone are inl^ 
mediately reduced in fize, and filling the interftices occafioned 
by their former angular fliape, aaually occupy much lefs 
room ; and now prelent to the flame or fire, fbould it be in* 
dined to penetrate fo far, a folid vertical ftratum of fand, 
after having fecured the expanfion of the furnace to the ex« 
tent of fome inches. The effc^s of the preiTure a^^c thus 
diverted from the (hell of the building, and loft in tlte pul* 
verization of the fragments of fand ftone. 

The advantages refulting from this plan may be nearly 
doubled, by ufing a. double lining of fire bricks, as repre* 
fented in P/aie VIII. 3. betwixt each of which, and the 
common building, a fimilar vacancy fliould be left; but 
filled with fliarp (and, containing no more moiilure than ferves 
to compadl it into a firm body. As this moifture becomes 
gradually expelled in the flow heating or annealing of the 
furnace, the fand occupies lefs bulk, or, which is the fame 
in effedl, is then fufceptible of a greater degree of compref* 
fion when the, general expanfion of the furnace comes on. It 
is evident that the force is here alfo diverted againft the fand 
in place of ading immediately, with a tendency to enlarge 
the circumfevence of the building. 

Over and above all thefe precautions, the annealing or 
drying of the furnace in a progreflive and regular manner 
ought to he carefully attended to and continued for two or 
three months at lealh Many are blown much earlier, from 
an anxiety to get to work, and make returns for the great 
capital necefiarily expended in thefe undertakings. 

The fame variety of opinions exifts in the trade relative to 
the determined figure and dimenfions of the blaft furnace, as 
fubfift, with regard to the beil mode of building. Its height 
has, at different times, varied from 20 to 70 feet ; and 
its diameter, at the boflieB, or wideft part, from 8 to 
15 feet. It will be eafy to trace the fource of this 
indefinite mode of conftru£lion, and the uncertainty which 
muft neceffarily pervade operations of fo much rifle and 
importance. 

At the time when charcoal of wood was the common, and 
indeed, the only fuel ufed in the blaft furnace, the volume 
and extent of the blaft were proportioned to the very imper- 
fe£l ftate of the blowing machinery. Long experience had 
taught the manufatlurer what were the proper fize and di* 
menfions of his furnace. Many of them were from 12 to 
1^8 feet high, and fornc of them, where a good water wheel 
blaft exilled, reached as far as 28 feet in height. 

When pitcoal was introduced into the blaft furnace, in the 
ftate of coke, to produce fimilar effefts to the charcoal of 
wood, it was foon found, that in furnaces of equal capacity 
and height the fame effedls could not be produced. The 
ore required to remain in contact w'ith the ignited fuel for a 
longer fpace of time, in order, unqueftioriably, to produce, by 
attenuated contaft, what was deficient in temperature, for 
the faturation of the ore with coaly matter. This would 
immediately fuggeft an increafe of the height of the blaft- 
furnace; and if beneficial cffedls once refulted from a ftep of 
this nature, it became a matter of difficulty to fay where the 
promffion of height would ftop. 

nence, in a few years, arofe furnaces of 40, 50, 60, and 
JO feet in lu^ht. Of thelaft dimenfions, one wa^ ereded 
in Wales., The fize of the artificial crater was fuch, that 
the ftrength of the blaft was fcarcely fufficient to keep the 
exiftence of fiame vifible at the furnace top. After in vain 
endeavouring' to ignite the immenfe bodv of materials con* 
tained in its vaft capacity^ the height of the furnace was re* 
dttced 30 feet by cutting a hole in its fide, narrowing the 
mouth, and throwing in the materials at the h^ht of 40, 
in place of 701 feet from the furnaoe bottom* Ims was at* 
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tenfled with fttcceb» and the opertioni of the furnace pro- 
ceeded with their ufual facility. 

After the application of ftcam engines to raife and con- 
denfe air» the (Quantity and ftrength of the blad became 
more a mechanical property in the hands of the manufac- 
turer. It was foon diicovcred that an incrcafed volume of 
air, by exciting a much higher temperature throughout the 
furnace, conftituted the immediate adiou of thofe affinities, 
which the tall furnace accomplifhed by a long attenuated 
contadl, and that iron taually carbonated and fitted for the 
purpofe of melting, could be produced by to hours contad, 
as in four days. 

The confequence of thefe gradual difeoveries was a gene- 
ral predilcdlion in favour of fmall furnaces, and at prefent the 
bias of the manufa£liirer ftems inclined to this extreme. 
Where the maximum will be found it is difficult to conjcAurc, 
for the ground which the maniifadurer now occupies is 
materially altered from what it was when fmelting with 
coke was firft introduced. The perfedion to which the blow- 
ing machine has attained, fonns a ilriking contrad to the 
feeble and diminifhed effeds of the bellows in the infancy of 
the trade. So far as the necefiary affinity is increafed, 
and more infiantaneoufly produced in high temperatures, 
than in thofe inferior, the tuanufadurer is differently 
circumftanced, and commands an extent of means 
unknown tp him in former times. That this fiiperiority 
will produce equivalent effeds in the modification of the 
blaft-furnace, requires but little dcmonllration. Two fads 
illuftrative of this may, however, be mentioned. Call ftecl 
lias of late years been formed dircdly from bar-iron, by a 
procefs which only requires an hour or two to complete, 
end with fmall quantities of matter the fame may be per- 
formed in a few minutes. This is efieded by prefenting the 
carbonaceous matter to the iron at a melting temperature. 
In the ufual mode of cementation, bliftered ftecl, by a more 
attenuated contad and inferior temperature, requires fix or 
ieven days to complete, what is here produced in jtwo hours. 
The dinerence of temperature in the two operations is 
equal to 6o* or 70® of AVcd^cwood. The firft operation will 
be confiderably ftiortened, if the caft fteel is required to 
hold much carbon ; but if this requifitc is necefta^ in the 
bliftered feel, the length of the cementation muft ncccf- 
farily be protraded. Again, a piece of malleable troU may, 
by prefenting it with a proper dofc of carbon, at a high 
temperature, be converted, in a few minutes, into i mafs of 
the richeft carburated caft-iron, which, in a temperature in- 
ferior, would have required fcvcral months. 

The fame fads will apply, in part, to the manufiiAurc of 
pig-iron in the blaft-furnace ; but an unanimity of opinion 
and aftion on this fubjeft is precluded, as well by the pre- 
judices of individuals, as from circumftanccs arifing out of 
the nature of the materials operated upon in different 
places. 

A furnace has lately been tried at Muirkirk in Scotland, 
only eight feet diameter acrofs the bofhes, in place of its 
former efimenfions, which were ten feet, and 40 feet high. 
It was foon found, that with the fame volume of bltft which 
was formerly applied to the ten feet furnace, very inferior 
affeds were now produced. The combuftion apparently was 
carried to too great an extent, and the materials, owing 
to tliis circumftancc, entered into fufion before the iron had 
imbibed a fufficient dofc of the coally principle from the fuel. 
Another great evil which refulted from this diminution of 
diameter, was a fridion, or retardation of the defeent of the 
snateriids upon the lining of the furnace. This evil was in- 
creafed and the roateriSs made morcbouyant, by the ufual 
volumctof air elevating itfclf in a cone not much more than 


half Its former area. The confequences were, that the 
whole mixture of coke, iron-ftone, and lime-ftone, would 
have frequently hung for an hour together, or until the 
blaft had cut all the hearth and bofhes clear of materials, 
a flip would have then enfued, and brought with it a large 
proportion of newly introduced matter. The introdudion 
of this into the fufing point before being properly heated, and 
long before any affinity had been eftablimed betwixt the 
particles of inetd and the carbon of the furnace, invariably 
changed ilic quality of the metal, and caufed frequent 
aiul liiddcn alterations from grey to white iron. 

Upon the fubjeft of height and width of blaft-furnaces, 
it may be finaUy remarked, that the average height in Bri- 
tain may be taken at forty feet from the upper furface of the 
hearth botttun, eleven feet diameter at the greateft width or 
bolhingb, Slid three feet and a half for the diameter of the 
tunnel-head, or furnace-mouth. 

If the prt)p.>rtio*’.& of height and diameter xn the dimen- 
fions of the biaft- furnace have given rife to a multiplicity of 
opinions, the iutcriul ftrofture and fiiape of the cavity have 
been no lefa an timplc field for fpeculation and prejudice. 
At one time this uas conceived fo elTential to the fuccefs of 
iron-making, that any particular furnace that had made a 
fortunate run of quantiiy and quality, was copied witli the 
greateft accuracy of delign. 1'hc fortunate iron-maftcr iii- 
genioully attributed to the mechanifm of his own conftrUc- 
tion the rich and fuperior harveft he had reaped in metal, 
and faw, or fancied he law, in the curvature of a line, or in 
the inclination of a flopc, the talifman of his good fortune. 
By prolonging the one, or depreffin^ the other, he imme- 
diately inferred that ftill fuperior dTc^ would be produced, 
and that by obtaining the perfe6tion of art in the mere fabri- 
cation of ftrufture, every tning that was great and powerful 
would cnfuc. This rage continued for many years, and 
gave rife to an cndlefs variety of fhapes, many of which, in 
their eventual fuccefs, had only the merit ot originality to 
boaft. 

In the eftablilhment of this important and national manu- 
fafture, the great fluftuaiion of opinion as to ftrufture 
feems to have cn the prelude to a fubfidence into approved 
forms, founded upon general principles ; and though we 
may now fmile at the indirpcnfiblc forms which our pre- 
dcccffors, or even contemporaries, annexed to the blaft-fur- 
nacc, yet tbefe alterations of (hape and ftrufture lay the 
ftrongeft claim to our refpeft and gratitude. The path is 
now opened, and the ground already beat ; from the labours 
of thofe who have already gone before us, refult the hap- 
pieft effefts ; we proceed towards our objeft, free from the 
interruption which inexperience always entails ; and we may 
now, by the direft application of principle, perfeft with faci- 
lity what may ftill be deemed defiderata in this important 
branch. 

The varieties of (hape which cuftom and experiment, from 
time to time, had annexed to the blaft-furnace, may be 
clalfed under four diftinft kinds. PlaitVlh and Vlll. The 
following defeription, charafterifing the rcfulting properties 
and dimeniions m the form of each clafs, will be necefiary for 
comprehending the fubjeft thoroughly. 

PlaieVll,jlg. X. is the vertical leftion of the blaft-fumacc 
cut acrofs the top of the bofhes ; the internal (hape entirely 
conical ; the external figure a quadrangular pyramid. The 
conftruftion of this furnace is truly (ingular ; and from this 
alone great advantages were expefted to refult. The origi- 
nality of the princiiSe confifts in the double fquare, or throat. 
One immediately above the hearth, not rrarefented in this 
figure, but fimilar to the fquart in P 4 i/e IX. fg. x. B ; and 
another half way up the cone, four feet in diameter \ fee A. 
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B, tte top of the tofhes, 12 feot in diameter. 

C, an inferior diameter of lo feet, previous to tlie forma- 
tion of the throat at A. 

D, the top of the fecond row of boihes, of the fame dia- 
meter a« B. 

E, the furnace mouth, or termination of the fecond cone, 
four feet diameter, and proportioned to A . 

F, funnel top for carrying off the flame occafioned by 
the blaft, fo as not to interfere with the workmen in filling 
the furnace. 

The dimenfions, as to height, are as follow ; 

From B to C height 12 feet 

C to A ditto 6 

A to D ditto . . - . . 6 

D to E ditto - - - - , 

Height of the hearth, and firtt row of bofliings, 
not (hewn in the figure, but being the fame 
as^^. I. lx. meafure - - 15 

Height of the bottom iloncs, packing, and 

falfe bottoms, - - - - • 4 

Total height of this furnace from the foundation 56 feet 

-GG, me brick lining. 

hhy fpace left for packing. 

II, the common building either of fand-ffone, or of 
bricks. 

2. plan and fcAion of the fame furnace taken acrofs 
the bodies at B. 

AAAA, fquare of the common building 29 feet upon 
the fide, bound by BBBBBBBB, eight calt-iron bind- 
ers; the number or fetts of thefe rcquiiite, being propor- 
tioned, both in ftrength and dimenfions, to the height of 
the furnace. In common, a full binder is applied every fix 
feet in the height. 

The concentric circles repyefent the vanous diameters of 
the interior of the fiirnace, and are conncAed each by dotted 
lines, with their rcfpe£^ive places in the elevation. 

The reafoning whicli we believe led to the conffrii^lion of 
this furnace, proceeded from a firm belief that the bodies and 
throat or fquare of a blaft-furnace were of the greateft im- 
portance on two accounts. Firft, becaufe they fupported 
the weight of the materials ; and fecondly, becaufe they 
concentrated the heat. Thefe ailing conjointly, permitted 
t!ie lead poffible quantity of materials to pafs, till they dropt 
away in a ftate of femi-fufion, or complete feparation. In 
furnaces, however, the cones of which were 30 feet high and 
Upwards, this was conceived impoflible to take place tor any 
length of time, to any confiderable extent. The height and 
pavitating preffure of the materials were more than fufiicient 
to counterad the moft favourable conftruftion of bodies ; 
and as this could not admit of diminution, the fufpenfion of 
the materials, and the concentration of the heat muff be 
effe^d by fome other means. This, at one time, was be- 
lieved to have been completely effedled by the fcheme of an 
additional fquare, and an extra fet of bodies; and there is 
little doubt but that, by converting perpendicular to lateral 
preffure, tlie fufpenfion of the materials was reduced at 
Icaft to one half of its former intenfity. 

It was not doubted but that the procefs of fmelting and 
feparation would commence, in part, at A ; that what 
cfcaped fufion and feparation in that quarter, would be eafily 
refoiveti below ; and that the procefs of combuftion intenfely 
at work in two different places at once, would greatly facili- 
tate the general redudion, and add greatly to the prepuce in 
iyon of. the fumape. Thcfc fanguinc expeAations were un- 
fortunately never realized, the folitary inftance of one fur- 
•acc only being cooAruArd ia defence of this theoryi and 


that only for a very temporary endurance, Is the beft proof 
of the inutility of the plan. 

3. is the elevated feftion of a blaft-furnace, of which 
feveral were built, and fruin which it was at one time con- 
ceived that the greateft advantages were derived. The nu- 
merous minute gradations of diameter exhibited in the con- 
ftruAion of this furnace, were at one time held in high efti- 
mation by many iron-makers ; and a plan of the prefent 
furnace circulated from the domains of the lucky projeftor, 
with as much cara and confeioufnefs of rich acquifition, as 
an antiquary would remove from Herculaneum or Egypt, 
the precious remains of antiquated obfeurity. 

It will be extremely eafy to trace to its iource this parti- 
cular bias to form, fo univerfally believed in at one time, but 
now configned to that oblivion which experience has taught 
us it deferved at a much earlier period. 

It often happens, that when repairing or rc-lining a blaft- 
furnace, the manufadlurer avails himf If L>f the time thus ob- 
tained, to overhaul and repair his eiigin ‘ and blowing ma- 
chine. The former movements of the ni.ichiurry may have 
difeovered to him many errors both in movement and con- 
ftru£tion, which the conftant requilite m:)tion rendered 
impradlicable for him fooner to remove, I» this way, eon- 
fiderable improvements on the cn^dno and blowing apparatus 
are frequently made ; and when ag::!M in motion, may, by 
increafing tlie length and number of tiic ftrokes in a given 
time, or by conferring a higher additional working power 
on the fteam pifton, iucreafe at the fame time both the vo- 
lume and denfity of the blaft. If the produce of the furnace 
is increafed, which it is highly probable will be the cafe, 
then the fuperior cfF;6ls are artributed to a few unimportant 
circles and lines added to the interior of the cone, the acute- 
nefs and proportion of which do not furvive the blowing of 
the furnace three days. 

In like manner, if a w'ork entirely new, commence opera- 
tions with a greater advantage of blowing power, and with 
fomething original in the fliape of the furnace, the confe- 
quent effcdls of the former are induftrioufly attributed to the 
fortunate conttruffion of the latter, and the grand cflential 
blaft is entirely ovci looked, and its next important affociates 
coal and iron-llone. 

The dimenfions of the prefent furnace are as follow : 

Diameter of the cone at A - - - 3 feet 


ditto 

at B 


• 

- 4 

ditto 

at C 



- 8i 

ditto 

at D 



• 92 

ditto 

at E 



- 10 

ditto 

at F 



- ir 

ditto 

at G 



• 10 


From G to F, the diilance in height meafures i foot 
Increufe of diameter - 1 foot 

F to £, the diftance is - 12 

Diminution of diameter - i foot 
E to D, the diftance is - 1^ 

Diminution of diameter - 6 inches 

D to C, the diftance is - 6 

Diminution of diameter - 1 foot 

C to B, the diftance is - - 2 

Diminution of diameter - 4I 
B to A, the diftance is 

Diminution of diameter - i 

Height of the hearth and boflies not repre- 
fented in the plate • • • 1 j 

Total height of the cavity of the furnace •— 
or place occupied by the materials - 40 feet 

The former defenptiofla will fuffice and apply to thj^ 



BLAST 


163 


Ute, with eijual propriety as to the former, regarding the 
ning, packing, common building, &c. 

Fig* 4* ^ plan and fe<%ion of the fame furnace at F in 

the elevation. 

The inner circles reprefent the various diameters of the 
interior of the cone, the letters in each correfponding. The 
two external circles deferibe the packing and lining ; and 
the circle N exhibits the circumference of the common 
building of the furnace, which, at this particular fc<aion, is 
26 feet in diameter. 

Plate VIII. Jig, I. is the elevation of the interior of a fur- 
nace of a plain conllruclion, and at one time very prevalent at 
founderies. This fafliion was deemed to pofTefs its pecu- 
liar merits, and ftill maintains its form unaltered at fome iron- 
works where the regular tapering cone is not yet admitted. 
Its inferiority, as to height, is amply made up by an enlarged 
capacity anfing from its diameter. 

Diameter at the mouth of the cone A - 3 feet 

ditto - at • B - 1 1 
ditto at the bofhes • C - 1 2 

Height from C to B « • 12 feet 

from B to A - - 14 

Height of the bofhings and hearth not rc- 
prefented in the figure 
Total height of that part of the fur- 
nace occupied by the materials 37 feet 

FF, reprefents a view of the vertical method of carrying 
off the moiilure and (learn from the mafa of building, by 
means of vents. The number of upright flues vary from four 
to eight, and have regular communications by means of hori- 
zontal openings with the external air, GG. Tluy are gene- 
rally carried up parallel to the lining, and incline with the 
general diminution of the cone. The former, or vertical 
openings, are fix inches fquave, and the horizontal commu- 
nications four inches fquare. 

Flg^ 2. is a plan and fe<Slion of^. i. in which arc nepre- 
fented the lining, the vacuity for packing, and eight Vents 
or oxniiigs correfponding to thofc in the clevatiof)* ; The 
letters in each figure correfpnnd, and the two dotted circles 
are meant to (hew, that occafionally all the vepts communicate 
with each other by means of a horizontal gutter, or channel, 
carried quite round the building. This precaution isiiifedleft 
any of the tubes were to till up and choak the free circulation 
of the vapour, that its appropriate quantity may get tafily 
difcharged amongll the other openings. 

Fig, 3. is an elevated fc£lion of a furnace, the interior 
(hape of v^hich has now alniod b'come univerfah The 
regular and uniform defeent of the materials which follows, 
as a confi-qucince of the gradual enlargement of the cone, 
fully juftitics the gener. 1 partiality in favour of this (hi^e. 

Diameter at the mouth, or opening A - 3 feet 

Diameter at the top of the boflies B - 10 

The height from BtoA - - • 3 ^i 

Height of tlie hearth and bofhes not fecn in 
the plate • - • - i 

Total height of this furnace - 43 feet 

This form of furnace is not only conftrufted with a 
doable lining of fire bricks CCCC, and two openings for in- 
troducing fand for packing bbbbf but has alio an opening 
DD, from top to bottom, about the centre of the common 
building. From this, in all d’rcftions, proceed fmall vents, 
which corr municate at a fhort di (lance with the open air, as 
ir.ay be ieen along the fides ot the building* 

Fig* 4, is a plan and fe^ioii of 3. cut acrols at B. 


B, diameter over at the bofhes 10 feet. 

CCCC, the two circles of fire brick-lining, as feentn the 
elevation. 

bbbb, fpaces for receiving packing. 

DD, circular vent, or general gutter, from which ramify 
the horizontal openings. 

Thefe are repeated at intervals of four feet in the height, 
as may be fecn in the elevation. In building, DD is filled 
with fragments of foft fa:id-(lone, which arc eafily reduced 
in the expaniion of the furnace, and tend, by diverting its 
real preflure, to preftrve the body of the building entire. 

A fimilar want of unanimity of opinion fubfifls among 
iron-maktrs, relative to the general conftrudion of the 
boihes, their particular height, and moll beneficial range. 
Some contend for Hat, others for boihes more vertical, while 
others again conceive the exertions of thofe equally fuccefsful, 
who adopt the mean of the two extremes. At different 
places, and to every polfible range, have been atributed the 
moll important confequences in the fubfequent procef?. 

Plate llL.Jig, I . reprefents boihes of the llccpcil coiillruc- 
tion. 

Diameter at A - - - 10 feet 

Perpendicular height from B to A - 8 

Square at . • B - - 2j- 

The opinion relative to this form is, that at firll blowing, 
the boihes are produttivc of a very proper degree of fufpen- 
fioii of the materials ; but as the preflure of the defeent bears 
in every dircdlion upon the under or bottom part next the 
fquare at B, it becomes increafed fo much, that the weight 
of the incumbent materials early begin to prefs too much 
towards the bottom of the hearth, countcraA the regular 
precipitation which Ihonld take place, and impede the afeent 
and hill eifed of the blall. 

Fig. 4, is a feClion of bofhes approaching to, or indeed 
may be confidered as the oppofitc extreme. Here the re- 
verie of the fa£l attributable to i. takes place. The 
preflure of the defeending material is equally diflributed 
over the very flat inclination of the bofhes, and there is no 
more wtight deemed to be on the fquare at A than is eq^ual 
to a full column of the materials of fimilar dimcnfions, left by 
the dirtdl tendency which the llrength of the blall to keep 
them in a Hate of partial buoyancy. To countera^ thelc 
advantages in part, very ferious defers are here alfo imputed. 
If circumftances unite to increafe the tear and wear at A in 
any uncommon ratio, either by fcouringy or from a defi- 
ciency in the quality of the Hone or bricks, the whole of the 
upper part of the hearth at B B is immediately expofed, and, 
though compofed of a fuperior equality of land, will foon 
follow tht- diredion of the defeending current. A prefliirc 
of materials then takes place, equal to the whole of the in- 
creafed fpace, while the cffeA of the blall to bear them up 
is confiderably diminilhcd by the enlargement of the original 
diameter. It will be feen from the plate that the we&knefii 
of flat bofhes at the top is ill calculated to witlifland any 
accumulating prefliire, and that by confining thtir part of 
the procefs to the hearth, the latter mull foon, by a fimilar 
widening, be entirely dcllroycd. 

Th .fe who wifh to (leer clear of extremes, or profit by 
the c adventurous fpirit of their neighbours, more gene- 
rally adopt a mode of bolhing that occupies the mean of the 
two former extremes. This is reprefented hy Jig* $* 

Diameter ot the boihes at A - - - lo feet 

Perpendicular height from B to A • - 5 

Diameter of the fquare B - • af 

In general, the boihes of Waft furnaces are ma^ of the 
fame tana (lone with the hearths, but of late fire bricks have 
been introduced with a confidcrable indicatioa of advantage- 
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and permanency. When bricks are ufed, it is found of 
luiliiy to make the whole part of the building folid, back as 
far as the external fquare of the hearth, fo that if the bofhes 
fail in part as to dilplace one layer of bricks, another fur- 
fuce, equally frelh and entire as the former, prefents itfelf 
to the action of the fire. 

//>. 2. Ground plan of the top of the bofhings of i. 
A A and B correfpond to the fame letters in the elevation. 
The dotted fquare C deferibes the form and dimenfiont of 
that part of the hearth immediately above the tuyere, as 
feen in the elevation CC. The lanje dotted fquare DD is 
the external fizc of the hearth, as leen alfo in the elevation 

DD. 

5. Ground plan of the fquare and bofliings of 

/ir- 4- . 

While we profecute the detail and hiftory of the con- 
flruClion of the blaft furnace, the fame dlverfity of plans 
fv)rmerly noticed comes under review, in every aepurtment 
of the creiflion. The importance of the hearth is admitted 
by every clafs of reafoners upon this fubje6l ; and to devife 
a form better calculated for fmelting than another, has been 
an object of general concern with the manufacturer. Much 
as may be deemed to depend upon its form and conftruCtion, 
infinitely more benefit is derived from a proper quality of 
/lone, to refill for a given length of time the powerful effeCls 
of a continued and unremitting blaft. To both of thefe ini- 
ortant deliderata much of the manufaClurer’s attention has 
een from time to timedirefted. 

The firft fiugularity that ftrikes us forcibly in the figure 
of the hearth, is, that in place of being circular, like the 
upper parts of the furnace, it is conftruftedof a fquare fun- 
uel-forni, with angles as acute as repi'efcntcd in Plate IX. 
Jig. 1. This narrowing form is continued on three fides of 
the fquare to the bottom of the hearth, where it generally 
•ineafures from 22 inches to 24 inches. The top of the 
hearth, at B or A,^^. i. and 4. or as it is commonly called 
the fquare, is never lefs than 30 inches, nor more than 33. 
The height of the hearth from E to D, Plate IX. i, 
7 feet, and none are made higher. From C to B,^?. p 
feet, which is now reckoned the moll advantageous height ; 
and from C to Af Jig. 4, the hearth meafures 6 feet, under 
which height there are no hearths ever attempted. 

The ftru^ure of a hearth, properly fpeaking, confifts of 
three folid fidcs only, the fourth, or front, is filled up by the 
tymp, or key-ftone, Plate IK. Jig. 1. The block E. is 
generally in one piece, and from four to five feet long, 
according to the height of the hearth. It defeends towards 
the bottom till within two feet or two feet four inches, 
and then leaves an opening of fimilar dimenfions, us to 
height, into the centre of the hearth or funnel, as at 
letter F. 

As the fquare form in which the hearth is finiftied cannot 
•laft a day alter the blaft is introduced, and is even frequently 
deftroyed in the z& of annealing, or heating, it cannot be 
elTentially ncccfliry to the making of iron. The hearths of 
all furnaces when blown out, are entirely round, or if wafted 
more upon the tuyere fides, oval. The general ufage of the 
fquare muft have been derived from long acquired habit, or 
perhaps from the conveniency of working and finifhing thofe 
immenfe blocks of ftone which are dill deemed necc£iry to 
the perfection of a hearth. The Interior of charcoal of wood 
furnaces was at one time entirely fquare from top to bottom, 
fo that in the progrefs of the trade, from fmelting Mftth wood 
to the ufe of pit>coal» although the general (hane of the fur* 
nace has been altered, the fquare figure of the hearth has 
been retained. 

Whatever may have been the utility of this general pre* 


dileftion in favour of eftablHbcd forms, the advantages 
hitherto fuppofed to be derived from tliis fuurce arc now by 
many doubted, and all thofe nice fpecul'itions relative to the 
precife dimenfions and figure of bofht's and fquaivs, threatened 
with total annihilation. This innovation is not confined to 
figure alone, but extends to dimenfions, and to the nature 
and bulk of the material neceffary for the conllruclion of 
hearths. 

F/g. I. Plate X. is the fecElion of a hearth and bofhings, 
conftruCted upon an enlarged piiiiciple as to fize. 

Diameter of the bodies at A - - i:: feet 

Diameter of the hearth at B • - 4 

Diameter of the hearth at C - - 3 

Thefe enlarged dimenfions, in place of being fquare as 
formerly conftnidled, are now entirely round, excepting 
where the tymp Hone form*; the key to llie front or the 
hearth, as may he feen in Plate X. /f ;. 2. where the external 
circle A A reprefents the diameter the hollies, B, the ter- 
mination of them, or the top of the liearth, and the form at 
C, a plan of the infide figure of the hearth acrofs the bottom 
of the hearth at C, Jig. i. fame plate. 

The difficulty of always obtaining a fand^ftonc well calcu- 
lated to Hand the violent effeds of the blaft, the frequent 
great expcnce incurred, the immenfe lofs of time fuftained 
in cutting out old and putting in new hearths, and after- 
wards annealing them, has induced more mafters to fpeculate 
upon the ufe of brieks of diapes larger than the oommon 
forms, made from good fire clay. No permanent advantage 
has hitherto been derived from this fcheme, although it is 
abundantly obvious, that a fuccefsful experiment of this kind 
would leffen the expence of a hearth greatly, and fave at leaft 
half the time now requia^d to replace an old one. 

Neither have any uncommon advantages refill ted from the 
hearths laid down in Plate IX. fig. 6 . and in Plate X. 
fig. i, 2, and 3, While fome approve, more are ready to con- 
demn aineafure, which has foritsobjcdl the enlargement of 
a fpace before blowing, w'hich too fpeedily becomes fo 
afterwards. There cannot, however, be any obje^lion to the 
circular, in place of the fquare form, unlefs a little additional 
workmanlhip is fuftained as fuch. The matter refts with 
experience, accompanied by accurate obfervation, to prove 
the fanguine hopes of the proje^lors, or falfify the prophetic 
forebodings of tliofe who now condemn tJie meafure. The 
amount of our progrefs hitherto, in the making of pig-iron, 
is afeertained with certainty; to affi^n limits to its ultimate 
bounds would be prefiimption. Or one fadl, however, we 
may reft alTured, that the perfedlion of the fleam engine, 
and the confequent command of blaft, has alone done more 
for the manutafture of this article, than all thofe nice (hades 
of difttn^ion as to furnace taken collcflively, which relieve 
each other in a fucceffivc train of minute gradation from one 
extreme to the other; to all, or to moft of which, the moft 
wonderful effedls have been from time to time afenbed. 

One fubje£l of confid rable importance ftill remains to be 
difeufted, relative to the conftru£lion of the blaft furnace ; 
namely, the abfolute and relative heights of the tuyeres, the 
dam-ftonc, and tymp. 

Oil the fubjeft of tuyeres, the general opinion is, that 
the nearer tli^ cinder the blaft is introduced, the greater 
is the effedl as to the abfolute quantity of redu6^ion. 
But this may be produ£live of confequences more tkam 
fufficient to counterbalance the doubtful advantage of acce- 
lerated redudlion, either by blowing the cinder from off the 
furface of the iron, and de-carbonating it, or by the cindk^f 
rufhing back through the blow pi^ at any llojp of the 
blowing machine, and deftroying tneleather bag which con- 
ne&8 the blow*pipe with the maiai laying pipes. This never 



BLAST 

happens but a confiderable portion of time is facrificedi befides 
the expence of the bag* 

In common, the furfacc of the tuyere plate is laid eight 
inches above the cinder, or, which is the lame thine, above 
the level of the dam-ftone. Some blow at a dillancc of 
four inches, others at fix and eight, and fome agr.in 
as high as twelve and fourteen inches* However, under 
fome circumilances, the height of the tuyere is determined 
by the nature of the materials* In thefe cafes, if the 
tuyere is only raifed one inch above its proper height, the 
bottom of the furnace lumps up immediately, and will invari- 
ably rife in the fame progrefTive manner in which the tuyere 
is heightened* 

Plate X. I. reprefents the relative proportions of 
height betwixt the dam, tuyere, and tymp, in ordinary 
calcs* 

G, the dam, or notch of the dam plate, 17 inches above 
the level of the bottom at H* 

I, the centre of the tuyere 26} inches from the furfacc of 
the bottom, and 9} inches above the level of the dam. 

K, the l^ttom of the tymp plate, 23 inches from the 
bottom of the furnace, and 6 inches above the level of the 
dam* 

At iron-works where different opinions exift as to the 
proper or working height of the dam, very different relative 
neights enfue, regarding the tymp and tuyere. The formci 
Ihould always regulate the other two* The height of it is 
feldom ufed lefs &an 16 inches, nor more than 28 above the 
bottom* 

Confiderable advantages rcfult from placing the tuyere, as 
to its horizontal pofition, at a judicious diftance from the 
front or back wall. This is, as in the cafe of height, often 
regulated by the nature of the materials. If the furnace, 
owing to this circumil^oce, tends to work cold and languid 
behind, with a propeufity to lump at the back wall, the 
blow pipe ought to be dirc^ed as near to the extremity of 
the hearth backwards as it is poffiblt to get in the tuyere 
ironj Plate letters: but where the operations 

of the furnaces proceed with cafe and facility, the centi^ of 
the tuyere (hould more generally approach the centre of the 
hearth, as at 3 * 

Of late years a new mode of blowing has been introduced, 
which, from its great prcvalencv and good cfTedls, Ikcms to 
bid fair to come into general uie. Fu maces till latdiy were 
only ereded with one arch, or tuyere fide, and the blift or 
column of air introduced by means of one blow pip^ ; now 
moil of the new furnaces arc built with double tuyeres, with 
two fcls of main conducing pipes, and the blaft introduced 
by means of two pipes in place of one. 

The general eiFcfts and fuppofed properties of this mode 
of blowing arc attended to under the article blaft. 

In the mean time, the proper height and diftance of the 
tuyeres, and their relative poiition to each other, have been 
fubjea to cndlefs difputation. Fig. 4. Plate X. a and b 
flicw how, in common cafes, the tuyeres arc placed to each 
other in their horizontal range : ii is placed with its centre 
three inches from the extremity or back wall of the fur^ce, 
and I at the diftance of nine inches from its centre. That 
there ftiould be a difference of diftance in their horizontal 
pofition none arc inclined to difputc ; but that this (hould 
uke place in their vertical fituation, is by fome contended ; 
while others infift that the difference ought never to be lets 
than four inches. Fig* 6 * Plate \TL. ee* 

Some lefs faftidious affert, and with manv evidences oj 
found rcafoning on their fide, that if the blaft is inti^uced 
into the furnace, and at a proper diftance, to keep the back 
dear, thofc nice diftinCkions as to inches go for nothing. 
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in a region where an inftantaneous increafe of volume mull 
deftroy all repulfion or mechanical contad. This philofo- 
phical reafon is flatly denied, and the contrary minutely and 
gravely afferted, that were two pipes placed every way im- 
mediately oppofite to each other, the adlion of the oppofite 
columns would retard the velocity of the air, and diminifti 
the real elevated quantity in the furnace, by locking up in 
mutual oppofition a portion of their refpedive quantities in 
the laying pipes. There might be fome foundation for this 
conjedturc, u'erc the refpe6livc nozles or blow pipes brought 
into ad.iui coutaft, or inferted into each other ; out to thofc 
who conhdf r, that in moft furnaces there is ncvci lefs than 
four feet ol clillaiicc between nczlc and nozlc, and the mofl; of 
the intervening fpace filled with a column of ‘femifufed 
materials., i^^nited to the higheft pitch of wbitenefs, this 
fuppofition will appear to reft upon very unfatisfadory 
grounds. 

A lefs fcrupulous clafs of obfervers and rcafoners upon this 
fubied even go the length to aflert, that the tuyeres ought 
to be put in dired oppofition, and that this, fo far from being 
detrimental, would be found to pofTcfs unqualified advan- 
tages. This it is faid would refult from a certain degree of 
coolnefa which the extremity of each column of air confers 
upon its oppofite tuyere iiin, and prevent the fame from 
heating and burning* To whatever caufe it is attributable, 
the fad (lands in many inftanccs unqueftioned, that not 
half the tuyeres are loft or burnt out, with the double blaft, 
that was formerly deftroyed, where the (ingle blaft was in 
ufe. 

Fig. 7. Plate X, reprefents a tuyere iron, 16 inches wide, 
and 1 2 inches high at the wide end, 1 8 inches long and 
narrowing at the other end to 4 inches wide, and 4} inches 
in height. Fi^ 6 . is a plan of the under furface of the 
tuyere iron. Fig. 5. reprefents the fizc and dimenfions of 
the tuyere plate, which when bedded receives upon its furface 
the tuyere iron. Jig, 7* This plate is firft laid upon a bed of 
fire clay, with its narrow end towards the hearth, and in- 
clined to rife a little. The tuyere is then introduced upon its 
furface, height and diftance being attended to in the difpo- 
fition of the plate, and the fpace betwixt its furface, and the 
fand-ftonc of the furnace, rammed very pcrfe£l)y with baUs 
of good fire-clay mixed with fmall fragments of fire bricks* 
When about to blow, the nofc or inner end of the tuyere is 
covered with a very plaftic clay, to prevent it from heating 
and burning itw^. This is always carefully attended to, and 
the blaft put oft at any time to replace it. Should it be 
ncgledled at any time, the iron would inflame with fuch ra- 
pidity, that an opening would be inftantly made, by which 
the cokes and ignited matter of the furnace would be recoiled 
with the greatdl violence imaginable* 

Fig. 2. Plate Xlll. The dam-ftone* This is aftually the 
dam, or barrier, which prevents the fluid contents of the 
furnace from advancing, and making their cfcape into the 
fand of the cafting houfe* It is generally trade from the fame 
ftone as the hearth, but is found dill more difficult to $and for 
any length of time the a£lion of the fluid iron, than the 
hearth to refill the ravage s of the blaft. 

Fig, 3. dam plate* This is laid againft the dam ftone with 
a bed of fire clay interpofing, and clofes the front of the 
furnace* Its form is double, fo that by turning it fervesthe 
purpofe twice* It often fails, owing to the conftant current 
of lava paffing over the curvature a, and deepening it, till the 
iron flows over along with the cinder* 

Fig. 4- the tymp plate. This embraces the under end of 
the tymp done, and the fides of the hearth for three feet up. 
The thickoefs at bottom, called the heel, or cod, ispreferved 
from the adion of the fire by a ftrong Hopping ot clay* 
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Thia is replaced at lead every cad, and prevenU the flame 
and heated materials of the funiace from being blown 
forward. 

Plate IX. 4» is a ground plan of the arch pillars, 
hearth, tuyeres, and vents of a Malt furnace. 

A, the hearth, or particular foot where the fluid metal is 
colledled. 

B, the dam-ftonc. 

the fall, or oi^cjiing, by wlrich the metal is difeharged. 
After the call it is filled with faud, which foon hardens and 
prcfent8<i very clofe texture to the fluid metal within. At 
the following call it is cut carefully down, till the bar pene- 
trates to the quick. A circular incilion is then made, and 
the metal flows out of the orilicc in a connected round llrearn, 
into the runner or channel made in the fund. 

d d d four vents or openiu^“s which communicate 
with the falfc bottoms. Plate. I. ^17. 2. Thcl'e I'crve to 
convey the damp from the furnace boitom, and bv being run 
out into the external air, two in the front of the hearth, and 
one at each tuyere, indicate by their temperature, and the 
quantity of Ileam or vapour which they emit, the real ftatc 
of the bottom below'- 

I) D, the two pillars which fupport the front arch ; 
they, at the fame time, ferve as abutments to one leg 
of each of the tuyere aichts. The arcli at the front is 15 feet 
wide and 15 feel high, and inclines to the centre of the fur- 
nace, in the fame manner as the fide walls of the pillara 
approach. 

E, main or back pillar built entirely folid. 

FF, vent holes fix inches fquare, carried up from the foun- 
dation, and brought forward to meet the open air every four 
or five feet. 

G G G G G G, top", of the pillars covered with call 
iron plates, for receiving three large call iron lintels, 10 feet 
Jong, and JO inches fquare. Thefo ferve to give folidity 
to the arch, and fupport the lining and bolhes of the 
furnace. Fig. 8, 9, different forms of tuyere pipes. 

l^LK^r-Furnace,-^Ht/lory of its Origin and Progreft* 

In detailing the progreflive niftory of the blall furnaces, it 
is neceffary to pi*emife, that in this country it has undergone 
a revolution, of which we meet with no limilar inllance in 
other countries. 

The mod natural and abundant fuel which prefents itfclf 
to mankind in their progrefs toward civilization, is that 
furnillied by the numerous and extenfivc forells, which ge- 
nerally occupy the furface of a wide and uncultivated coun- 
try. Thefe, in the hillory of all nations, have been early 
appointed to domeilic ufes, and to the conifort of indivi- 
duals. As a country became more populous, and the fpirit 
of civilization increafed, other advantages refulted from the 
general ufe of wood as fuel. The amelioration of climate, 
and the clearing of large trafts of land, making it fubfervi- 
ent to the purpofes of agriculture, were not the fmallell 
benefits thus derived. As the progrefs of knowledge began 
to devife and ellablilh regular manufadlorics, to fupply the 
wants of the thriving community, the fame fources of com- 
buftioa were opened to the-manufadurer and the artizan. 
Thefe, as they became fuccefsful, were only preludes to 
other eftablifhments more extenfive, more lucrative, and 
entailing wants more difficult to fupply. Among others the 
fmelting of metals was no doubt of early origin, and equally 
dependent upon the woodland counties, in the immediate 
ne^hbourhood of the ores* In this clafs we can trace no 
metallurgical operation fo hoffile to the eaiftence of wood» 
as an estenfive manufaflure of iix>n. If this manufiidure, 
owing to the great and unexampled profTOrity of the coun- 
trfi in pbee of remaining ffationai^i or exlhibiting fymptoms 


of decline, arifing from a want of confumption of the articlcf 
has increafed in capital, in extent, and riches beyond aU pre* 
cedent, wood, the bafe of the manipulation itfelf, depend- 
ing only upon a flock rapidly declining, the cxiflence of 
which was frequently incompatible with the views and in- 
terefl of the landed proprietor, muft fuon have been annihi- 
lated, and the art of making iron lofl to the community, 

1 n this fingular fituation was Great Britain placed from 
the reign of Charles IL to the middle of the laft cen- 
tury. The increafing inanufadlures, cotnmcrce and gene- 
ral profperity of the country called loud lor an additional 
fupply of articles fabricated from iron, while- wood, the 
foundation of the whole art, N.as rapidly declining in point 
of quantity, without the moll diftant profpecl of ever being 
again renewed. Pit coal had been long before the latter 
period fuggefted as a fubftitute, but prejudice, interefled 
views of eltablilhed capitaliUs, and above all, a want of com- 
mand of mechanical power, had prevented any fucccfbfu! 
operation from being eftablilhed in this new department of 
iron making. No looner, however, w^ere thefe barriers to 
iinpmvement broken through, and- a change of fuel in tlje 
blall furnace found to be attended with profitable efi'eds, 
than the languilhing Hate of the trade began to revive, and 
improvements fucceeded each other, with a facility new and 
aflonifliing. In fifty ycais the revolution was complete 
whether the confideration regards the inercafe of the manu- 
failure, the general ufe of pit coal in the blall furnace, or 
the almofl total annihilation ol the charcoal mode of making 
iron. 

It is uncertain at what period the mamifaftiirc of iron 
commenced in Britaiu, It is probable, that the working 
of the tin mines of Cornwall, by the Phoenicians, would 
introduce into the country a clafs of men flcilled in all the 
then known metallic ores, capable of appreciating their true 
value, by converting the riches of an unexplored countiy, 
either to their own immediate neceffities, or to the conveni- 
ences of the uulkilful inliabitants. Theinvalion of England 
by the Danes, and their confequent cflablilhment, would 
moft likely add to the former flock of knowledge, in the 
art of mining and fiifing iron ores. Whatever truth there 
may be in this conjedure, the fac^ Aands unqueflioned, that 
in fevcral counties in England large heaps of fcoria arc found 
with an accumulation of foil fufficient to bear large trees. 
Thefe have been from time immemorial called “Danes 
cinders.” So early as 1620, Dudley remarks, that large oaks 
were then found in a (late of decay upon the tops of fome 
of thefe hills of fcoria. It is not, however, probable, that 
thefe cinders were the produdl of the blaft furnace. At a 
period fo remote as that, wherein thefe heaps of fcoria mufl 
have been accumulated, ihe labours of the iron maker were 
chiefly directed to the fabrication of fmall portions of malle- 
able iion in foot blafts and hloomeries* The art of moulding 
and calling in iron was either totally unknown, or fo very 
rude, as to excite no intereft in favour of profecuting this 
fine branch of art. If pig or call iron was at all formed, it 
was merely of the molt infufile nature, for beit'.g fpeedily 
converted into malleable iron. It was not till long after- 
wards, when improvements had taken place in the rude 
machinery of the times, and a divifioii of labour feemed to 
beproduatve of many advantages, that different furnaces 
exifled : one for the makin? of pig iron, and another for 
the converfion of it into malleable iron. This firft gave rifie 
to the blaft furnace, which, properly fpeaking, was an im- 

S rovement rcfulting from the Knowledge of the advantages 
erived from a divifion of labour. After the appropriation 
of the blaft furnacetotheexclufivemanufa^ure of pig iron, 
the mamsfiidurer would foon di&over, that the produds of 
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Ills furnace were frequently different from each other. Ex- 
perience and obfervation would foon enable him to decide^ 
from whence this had its origin. A fmall additional quan- 
lity ol fuel, beyond that he formerly ufed for forge-pig-iron, 
he found, would confer a degree of fufibility upon the metal 
that immediately pointed out the pra£licability of cafting it 
kito (hape. Moulding from thence would moft likely eniiic, 
and isecomc equally an appendage to the blaft furnace as was 
the bar-iron forge. As this new manufacture became fami- 
liar to the proprietor, he would immediately find hisintereff 
in dividing the produCt of his blaft furnace into grey melting 
iron or into forge pigs, as the exigencies of his moulding 
(hop, or forge required. 

If credit could be given to the “ Metallum Martis” of 
Dudley, in the I2th year of James, anno 1615, there were at 
that penod not lefs than 300 blaft furnaces for fmelting iron- 
ore with charcoal, each of which liad fuel, upon an average, 
for 40 weeks per annum. The average produce in pig-iron 
at each furnace of 15 tons per week, or 600 tons per annum, 
vnakes the total yearly quantity i8o,oco tons, being a greater 
quantity than has ever lince been manufactured in Britain. 

However much this quantity may be exaggerated, yet it 
is highly probable, that even at this early period, the iron 
bufinefs in general, and the particular operations of the blaft 
furnace, had obtained an eminent rank in the manufactures 
of the country. The progrefs of agriculture, and the iii- 
creafe of population under the reign of the peaceable James, 
had taught the hiifliandman and the proprietor the value of 
cultivated fields. The great confumption of w’ood for the 
navy and iron-works had greatly exhaufted the principal 
fdrefts of fupply ; tt^acks of country became cleared, and as 
the fpirit of cultivation increafed, the annual quantity of 
fuel for the manufacturing of iron diminiftied. 

It is probable that Mr, Dudley, in eftimating the quanti- 
ties produced from each, furnace, fc.-med his avemge from 
the winter and fpring months, when water was plcotmil, and 
he feems not to nave made fufficient allowance for the ocra- 
fioiial ftoppages in fummer, during the time of cutting and 
collecting the wood for the enfiiing wet fcafon. If, thertfore, 
in place of making 600 tons yearly, the furnaces of thefc 
days arc fuppofed to liavc made each, upon an aveiisgey five 
tons per week, or making a little allowance, Sto tons 
yearly, which is furely nearer the truth, th’s (till leaves 
an annual amount of manufactured pig-iron equal to JffOOO 
tons, which, cxclufivc of the operations of the f(»rge» forms 
a very rcfpcCt^.ble ftaplc at that early period of the hUlory 
of our manufaClurcs. 

Pit coal had been lon^ known before this period, and 
wrought at Newcaftle prior to the year 1272. Annually 
vaft quantities of it were exported to Holland and the Low 
Countries, for tlic ufc of the fniithy, and other manufactures 
requiring an intenfe and continued heat. Yet in England 
prejudices ran fo ftrong againft its application to the mauu- 
faflurc of caft-iron, that the projectors of this original under- 
taking met with every obftaclc which the narrow unen- 
lightened minds of the cftabliflied manufacturers could devife^ 

James granted fcveral patents for the cxcUifive right of 
manufacturing iron with pit coal. None of the proieCtors, 
however, were fuccefsful, till the year 1619, when Dudley 
fucceeded in making coak pig-iron in a blaft furnace^ 'though 
only at the fparing rale of three tons per week. At this period 
many of the iron works were at a Hand for want of w<»od, and 
theconfequence was an advance upon the price of iron: this 
rendered It a lucrative bufincfsto thofe manufacturers whofe 
fupply of wood was ftill iindiminifhed, and of courfe made 
theinhoftile to any innovation, whereby the prefent price of 
iron was likely to meet with a reduction. 


This period of prejudice, fo unfavourable to innovation iu 
the iron bulinefs, was followed by one more general and 
more calamitous for the nation’; amid ft the dlftraCtioii occa- 
fioned by civil war, neither innovation nor improvement 
could be expected. Patents, however, were granted to 
fome during the common- wealth, for the cxclufivc inanii- 
faCturc in the new way, in one of which, it was at the tinic 
believed, tliat Cromwell was a partner: tliefe partly fliaird 
the fame fate with the full inventor, and none fuccccded in 
tftabliihing a maiuifaCloiy liihcr of extent or tt^iiaiiily. In 
1663, we find Dudley applying for his laft patent, and 
fetting forth, iliat at one lime he was capable of producing 
fcvtii tons of coak pig iion weekly, with an improved furnace 
27 feet fquarc, and bellows, which one man could work for 
ail hour vvitlumt being miuh tired. 

It was not, till impelled by neccllity, arifing from the rapid 
decline of the annual growth of timber, that pit coal became 
an object of univerfal eftimation. When improvements on ma- 
chinery had attained a pitch of certainty, and experience had 
taught the mechanic the manifoid advantages of the llcan: 
engine ; the adventurous manufacturer found lie poffeffed 
an extent of means to which he was formerly a ft ranger. 
Small furnaces, fupplied with air from leaihtni bellows, 
blown by oxen, hoile, or human lab, our, became exploded, 
and an increafe of fizc took place, together with an incrcalc 
of the column of blaft ncccflary to excite combnftion. 

At this eventful era in the hiftory of tire blall furnace, 
when the ameliorating hand of agriculture was progrelTivtly 
fw'eeping before it, what remained of the once iinmenfe 
tracts ot woodland dedicated to the fupply of the blaft fur- 
nace ; when the general improvement in machineiy, and 
the introduction of the fteam engine threatened to give new 
life and impnlfe to manufactures in general, the iron-bufincfb 
feemed dwindling into infignificancy and contempt. The 
demand of the country increafed for the maiuifaCTured ar- 
ticle, particularly bar-iron, while every year faw a gradual 
but fteady diminution of the annual quantity. Reconrfc to 
foreign markets was had for a fupply of that anicic, of 
which this country once was the greateft exporter, and the 
immenfe annual importations from Riiflia and Sweden may 
date their origin from that period. The flourilhing and tx- 
tenfive detail of Dudley no longer exifted, and the 300 blaft 
furnaces of his day wtre now diniinidied to 59 in all ; the 
total amount of whofe annual produce was 17350 tons, or 
nearly 300 tons to each furnace. 

LIST of the Blaft Furnaces in England and Wales im- 
mediately before the introduction of pit coal, as a fubfti- 
tute for the charcoal of w'ood ; the particular counties in 
which they were iituated ; the colleClivc quantity of iron 
maniifaCtiirc'd in each county, and the produce of each 
particular blaft furnace. 
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Brought forward 4 

loco 

Cannartlien 

I Kidwelly 

m 

• 1 

— IQQ 

Chefliire 

I Valcrcydle 

* 

- 1 

600 


I Lawfone 

• 

- I 

600 


I Dodington 


- X 

500 


3 furnaces. 



1700 

Denbigh 

1 Waddoch 

• 

• 1 

300 

I Ruabonc 

• 

- 1 

250 


2 furnaces. 



550 

Derby 

I Stavelcy 

m 

- I 

150 

1 r*oxbrooke 

• 

- X 

150 


1 Wingworth 

- 

- I 

200 


1 Wanely 

m 

- I 

300 


4 furnaces. 




Oloiiccflcr 

I Blabney 

• 

- I 

600 


I Elmbriuge 

- 

- I 

500 


I Elaxley 

• 

• 1 

700 


1 Redbrooke 


• 1 

600 


I Ditto 

• 

- I 

200 


I Sidney 

• 

• 1 

250 


6 furnaces. 



2850 

Hereford 

I St. Waynarde 

• 1 

300 


1 Bingwood 

• 

- X 

450 


1 Btfliopwood 


• 1 

600 


3 furnaces. 



U50 

Ilampfliirc 

I New ForcR Firne 

• 1 

200 

Kent 

I Lamard 

• 

• 1 

100 


I Barcline 

- 

- X 

100 


I Horfden 


- I 

100 


I Handberll 

- 

• 1 

100 


4 furnaces. 



400 

Monmouth 

1 Pontypool 

. 

- 1 

400 


1 Ditto 

- 

- 1 

500 


2 furnaces. 



900 

Nottingham 

7 Kirkby . 

• 

• 1 

— 200 

Salop 

1 Salop • 


- X 

4^0 

1 Bowldcn 


• I 

400 


1 Willy . 


• s 

450 


1 Ditto 


• X 

200 


1 Leighton 


^ X 

400 


1 Kimbrotten 


- 1 

25a 
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12150 

Staflbrd 

1 Bradley 

• I 

400 


I Winchcath • 

• X 

600 


2 furnaces. 


1000 

Worcefter 

X Bcwdly 

r 1 

200 


I Hated 

« 1 

500 


2 funiaccFt 7c® 


Suffer 

1 Alhhiirnam 

• 

I 

500 



j Btibley • 


I 

100 



I Bread 


I 

100 



X Rcibert’s bridge 


I 

100 



I Bery 


I 

iOO 



I Darwille 


I 

100 



I HeatJifields 


I 

TOO 



1 Cnmfuple 


I 

100 



J Lord Pelham 


I 

100 



I Ditto - • 


t 

IOO 



10 furnaces. 




1400 

Warwick 

1 Alton • 

• 

I 

400 



I Pooliband 

• 

1 

300 



2 furnaces. 




700 

York 

I Band, upper, 

• 

I 

200 



I Band, lower, 

m 

1 

200 



1 Barnby, 


I 

303 



I Rofhley, upper, 


1 

203 



I Ditto, lowci’, 


X 

200 



1 Chappel • 


1 

300 



6 furnaces. 




1400 


Furnaces 59 1 7350 

Tons. cwt. qr. 

Annual average for each furnace 294 i 1 

By this flatcmcnt it is evident, that the manufaflitrc of 
pig-irofi had diminiflied during one luindred to one hundred 
and thirty years prcccdmer, upwards of 50,000 tons annually. 
Fortunately for the exiflence of the trade, the application 
of good going, and what, at that time, would be reckoned 
powerful, fteam engines, about the year j 750, for raifiug 
and comprclfing air, were introduced at fome places whore 
abundance of materials was found without water for turn- 
ing roachincr)'. The manufadlurer now found that liis 
produce could be increafed by enlarging the diameter of hia 
Itcam cylinder, or perfecting the vacuum under the pifton ; 
and it was foon difeovered, that thefe increafed elFeCls alone 
were requifuc to the formation of pi^*iron,in pro^tablc quan- 
tity from the coke of pit-coal ; nor is it to be wondered that 
this fecrct remained fo long a myft<^. The fmall quantity 
of air that was formerly rcquifite to ignite a charcoal turnace, 
whether from the .great inflammability of ihe fuel, or the 
fmallncfs of its capacity, was conHantly before the eyes of 
the manufafturer. He had more often felt the effefts of 
pver-blowing, than under-blowing his furnace ; and it is 
highly probable^ that pit-COKli being deemed every way 
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infei-ior, an unufual timidity would precede any movement 
that might have for its objed the enlargement of the column 
of air or the incrcafe of its dcnlity. 

This, however, once dune away, there feemed no end to 
tlie quantity of air that a coke blalt furnace could with pro- 
priety receive before any bad confcquenccs enfued. Dcnlity, 
iiowcvcr, was found inimical to quantity, and the fame law 
was at laft difeovered to hold good regarding pit coal as 
with wood, that the foftcr qualities could be over blown, 
while the more denfe and compaft ilrata remaiiud uridimi- 
niilied before a heavier 

The celebrated four.dery of Carron was begun about the 
year 1760, and as was the cullom of the times, the opera- 
tion of blowing was performed by large bellows moved by 
means of a water wheel. Pit coal was the llaple fuel in view, 
but the fcanty fupply of air, and its want of dcnfity, fcldom 
permitted the jproduce of the furnace to exceed 10 or 12 tons 
weekly, and frequently, in fummer, the quantity was re- 
duced even below this. The company collected immenfe 
quantities of charcoal wood, and found their bla't much bet- 
ter calculated for the operation of fmelting with it, than the 
uninflammable pit coal obtained in their neighbourhood. 
Experience, however, gradually unfolded means of adopting 
machinery, more calculated to the nature of the coal fuel, 
more powerful wheels were con(lni£ted, the bellows was 
abandoned, and in their place large iron cylinders were in- 
troduced blowing both up and down. A larger column of 
air of triple or quadruple dcnfity was obtained, and effedfs 
equivalent to thefe great improvements followed at the blaft 
furnaces. The fame furnaces that formerly yielded 10 and 
12 tons weekly, now fometimes produced 40 tons in the 
fame fpacc, and on the average in one year not Icfs than 
1300 tons of metal. 

From the period (1750 to 1760) that pit coal coke was 
applied as a Uibftitutc for wood charcoal in the blaft furnace, 
the ii-on trade began immediately to revive, and iu pro- 
grefs in England and Wales, in a period of 30 years, was 
truly aftonifliing. The general ufe of pit coal, moft uii- 
qucltionably, occafioned an earlier rclinqiiinimcnt of mtny of 
the charcoal works, than would have otherwife been the 
cafe, but the colleaive maniifaaure had fo mucli iucitafcd, 
as to render this aft obi-za of trifling importance. 

The following is a corred {latciv.cnt of the annunl manu- 
fadurc of pig-iron in England and Wales in the year 17BS: 

^ Toi.ii III 

^ ’■ Cuuniy. 

650 2600 

700 2IC0 

600 1800 

4^0 400 

JOO 4CO 

600 I 800 

300 3C0 

600 600 

400 400 

300 300 

700 2100 

150 300 

13100 


of 

Cliaicoal FuiiuKfS. Puj r.< res. 

Gloncelkrfljire - 4 

Mcnmoiithihire - 3 

Gltimorgannilrc - 3 

Carmarlhcnlhirc - ^ 

Merioneth - • ' 

Shropfliire - - 3 


Derby (liire - • ^ 

Yorkfliirc - - 1 

\Ye!lm.oreland - * 

Cumberland • ^ 

Lancafliire - 3 

Snfi’ex • ^ 

Total of charcoal furnaces 24 


Increafed produce per furnace, from the year 1750 to 178!^, 
attributable entirely to the general improvement of machi- 
nery, and the introdudion of the fleam engine, 251 tons, 
15 cwt. j qr. 

Tuns. 

About the year 1750 the annual quantity of 
charcoal pig-iron manufadured in England 
and Wales amounted to - • 

In 1788 the fame was . . - 13100 


Decreafe in charcoal iron betwixt 1 750 and 1788 42:;0 

attributable chiefly to the dccreafc of wood, but alfo in 
part owing to the ufe of pit coal as a fubftitute in the furnace. 


Coke Pig ni-ift Fiiinnccs in irS?. 

No. of 

1 uinaces. 

Ton«« at 
c.ith. 

each 

County. 

ShropHiirc 

21 

1100 

23100 

Staflordfliire 

6 

750 

4500 

Derbyfliirc 

7 

600 

4200 

Yorkihire 

6 

750 

4500 

Cumberland 

1 

700 

700 

Chcfhirc 

I 

600 

600 

Glamorgan (liirc 

6 

1100 

6600 

Brecknock flii re 

2 

800 

1600 

Staffordfliire 3 new furnaces expeded 



to blow fame year 

3 

800 

2400 


Total furnaces and coke pig-iron 1 
manufadured in 1788 "j ^ 


48200 


An article entirely new, which though not difeovered, was 
rendered a profitable and highly ufcful manufadurc in the 
lall 30 years. 

Average produce at each furnace 907 tons. 

T<»n?. 


Total of charcoal iron • 1 3 1 00 

Ditto of coke pig-iron • 48200 


Total of pig-iron manufadured in England 7 6itioo 
aiKl Wales aniuially - - • 3 ^ 

At the fame period in Scotland there were creded, and 
in blaft, charcoal furnaces in the weft Highlands, viz. 


No of I'uili T- 
Fuinacci. t.icli. 


Goatficld 

Bunawc 

Coke pig furnaces, viz. 
Carron 

Wilfontown, or Clcugh 


1 700 700 

1 7C0 700 

4 I coo 4000 

i 800 1600 


Total quantity of pig-iron manufac- 7 j 
tured in Scotland - - J 

Average produce for each furnace annu- 
ally 875 tons. 

Total quantity of pig-iron made in 

England and Wales 77 ^*3^0 


Annual quantity munufadiircd imme- 
intdictely preceding the introduc- 
tion of pit coal for furnace fuel 


85 

59 


68300 


Average produce fmm each fui*nacc 
l\>rnn.r average prod ucc 


Toiu. cvi. 

545 * 

2 <)+ •» * 


251 15 I 


Annaal ir.cieafc in 30 years 26 5 ^ 95 ® 

The period of 17P8 or 1790 may be called a new *ra in 
the mauufaanring of pig-iron. The double power engine 
of Mr. V/att liad now become more general, and was 
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yearly finding It* way into Mali furnace works. The regu- 
lar and increafed effects of this very powerful machine were 
foc)n felt in moft of the iron counties. The produce of the 
furnaces in metal greatly increafed as to quantity, and as 


they became more profperous, Simulated others to engage 
in fimilar undertakings. New works were yearly proi^eSed, 
and fcvcral ‘blowing furnaces annually added to the former 
lift : fo that in eight years the manufafture of pig-iron had 
nearly doubled itfelf. 


The following table is a curious illuftratfon of this 
It was drawn up as an authentic document of the returna 
made from all the blaft furnace proprietors in Britain, of the 
number of their furnaces, and the annual ^uantij^ of pig-iron 
manufadured at their i^fpedtive foundenes. Thefe returns, 
were made at a time when it was in the contemplation of the 
legiftature to impofe a tax upon pig. iron, and are copied from 
Dr. M^Nab^s letter to the chairman of the committee of the 
houfe of commons upon the fubje£t of the cool trade. 


NAMES of all the FURNACES in Great Britain, with the Excife Return of tlie Quantity of Pig Iron- 
made in 1796; the Quantities fuppofed and calculated upon; and the Returna of the Quantities- 
really made. 


NAMKS OF FURNACES. 


Apedale, 

Silverdale, 

Bear poft, 

Dudden, 

Newland, 

Backbarrow, 

Dale Abbey, - 
Morfey Park, 
Butterlby, 

Flaxley, 

Foreft of Dean, - 
Abbey Tintern, - 
Biftiopwood, • 
Cornbrook, 
Bringwood, 

Leighton, - 
Bowling, 

Wibfey Moor, 

.Shelf, - 
Birkenftiaw, - 

Renifhaw, • 

Old Park, 

Horfehay, 

Lightmoor, 

Coalbrook Dale, - 
Madely Wood, - 
Jackfield, 

Beuthal, 

Willey, 

Brofely, 

Ketley, 

Sued mill, 

'lonnington Wood, 
hefterneld, 
ittle Brampton^ 
Winger Worth, • 
Stavely, 

Park, 

Chapel, 

Hornchffe, 

EUhar, - 
Brelton, 

Holmesf • 
Mbbumham^ • 
lydacb^ * 

Carried forward 



No. of Pivifion. 
Furnscei. 


Chefter 

Do. 

Cumberland 

Do, 

Do. 

Do. 

Derby 

Do. 

Do. 

Gloucefter 

Do. 

Hereford 

Do. 

Do. 

Do. 

Do. 

Leeds 

Do. 

Do. 

Do. 

Lincoln 

Salop 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. I 
Do. I 
Do. 

Do. 

Do. 

Do. 

Sheffield 

Do* 

Do. 

Do, 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Suffex 

SootbWalcs 



780 

500 

49*74 

8946 

7175 

3777f 

7086 

370*1 

*775 

1590 

473'» 
4720 
940 
1800 
1274 
1000 
1002 
I4S<S 
1092 
800 { 
250 
6000 
172I 
1820 


23:00 

1140 

846 

703 

595* 
1458 A 
3498 
*<559ri 
*856.'. 

1820 

*334. 

»554i 

I076f 

59f8|« 

3367I 

33*3 

940 

1560 

1274 

761 

1436 

71a 

950 

250 

2000 


6i,7aa4i 


Ditto. 

W. R. 

E. K. 
Excife. 

E. K. 

A.R. 

Excife. 

Do. 

Do. 

Do. 

ot exa^Uy known 
E. K. 

W. R. 

Do. 

Excife. 

J. H. 

Do. 

Do. 

Do. 

J. W. 

W. R. 

Do. 

Do. 

Do. 

Do. 

Do. ' 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. I 

Excife. 

MefTrs. S. 
Excife. 
W.W. 

J. W. 
Excilie. 

J. W. 

Do. 

Excife. 

J.W. 

Excife. 

E.K. 
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KAMES OF FURNACES. 

No, of 
Furnaces, 

Di\ifion* 

Excife 

Return. 

Suppofed 
Quantity • 

Exa^ Return. 

From whom this infur- 
niMtion WiiS received. 

Brou^rht forwardp 

63 

South Wales 

107,3181 

77*905 



BlandarCf « • • 

1 

1404 

1404 

1500 

E. K. 

Blanavotig • • • 

i 

Do. 

5460 

5460 

43 ‘8 

Do. 

Sirhowyp ... 

I 

Do. 

1820 

1820 

1930 

Do. ! 

Beaufort, ^ • 

1 

Do. 

1560 

1560 

1660 

Do. 

Peuyea, or Ebbcrvalci - 

1 

Do. 

1560 

1560 

397 

Do. 1 

Hirvvain, • • • 

1 

Do. 

1400 

1400 

1050 

Do. 1 

Melynicourtf 

1 

Do, 

648 

648 

503 

Do. < 

Ennifyg;edyrp 

1 

Do* 

135* 

*352 

Poo 

Do. 1 

Caerfilly, • • • 

I 

Do. 

600 

600 

69J 

Do. j 

Cvfartha» . • • 

Plymouth, 

$ 

1 

Do. 

Do. 

6000 

2000 

6000 

2 CXX> 

7204 

2200 

K.c. ; 

E. K. ! 

Pcndaironp 

2 

Dxj. 

400a 

4000 

4ICO 

Do. 1 

DowUis, . • • 

3 

Do. 

4100 

5400 

2800 

Do. 1 

LlaneUy, • * . 

1 

Do. 

1664 

1664 

I c6o 

A. R. ) 

Dovey, 

I 

Mid Wales 

200 

200 

150 

K. K. 

Ruabone, • • . 

1 

North Wales 

1560 

1560 

1144 

W. R. i 

Brymbo, ... 

1 

Do. 

884 

Silent 

Do. ! 

Brymbo-gate, 

0 

Do. 

728 

None 


Do. 

Penyvron, 

0 

Do. 

1498 

I.ead work 


Do. 

Pentrobni • • • | 

0 

Do. 

1560 

Do. 


Do. 

Carmarthcni 

I 

W. Wales 

1056 

1056 

290 

E. K. 

Lscvcl, . • • 

1 

Staffordihire 

1560 

1560 

* 39 * 

T. S. 

Briefly, • • • 

Deephdd, 

X 

Do. 

1300 

1300 

1046! 1 

Do. 

2 

Do. 

2600 

2600 

2526 

Do. 

Bilflon, • . • 

2 

Do. 

2340 

2340 

1429 

Do. 

Bradley, 

3 

Do. 

3640 

3000 

1920 

Do. 

Grave yard, ^ 

X 

Do. 

1260 

* 33*5 

213 

Do. 

Dudley port. 

I 1 

Do, 

1040 

1040 

869 

Do. 

Tipton, - - - 

2 

Do. 

2080 

2080 

2203 

Do. 

Gofpel Oak, • » 

1 

Do. 



1613 

Do. 

Neath Abbey, • - 

2 

South Wales 

3iao 

3120 

*759 

E.K. 


104 


167,312} 

'33.96^ 

io 8 , 993 tV 



SCOTCH FURNACES. 


NAMES OF FURNACES, 

Na.ar 

I'urnacw. 

ExcHe 

Return. 

Suppofed 

Quantity. 

Exa^ Return. 

From whom this infor- 
mation was leceived. 

Catron, . . . • 

4 

5200 

5200 

5616 

T.E. 

Wilfontown, - • 

2 


2080 

2080 

A. H. 

Muirkifk, . . • - 

2 


3120 

2878 

T.E. 

Clyde, m . 

3 . 


3640 

22X6 

Do. 

Omoa, • • • - 

Devon, . • • - 

1 ] 


3000 

a 396 

Do. 

Goatfield, (Charcoal) 

1} 

1 

1600 

300 

E. K. 

Bunawc, Do. - • • 




600 

T. E. 


*7 


18,640 

16,086 


Manufi&ured in England and Wales, 

104 


133*963 

108,993 


Grand Total, . . • 

121 


152,605 

115*^79 



Avenge Produce of eacb of the Englifh and WeKh furnacee, 1048 Tons per Annum. 
Ditto of eadi of the Scotch Funmeety ' 94^ 
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The clomund for iron artiVlcs of all kincU in this country 
not only continued iinubutcd after the pci’iod of 1796, hut 
kept increariiig in a greater ratio than formerly; fo that in 
tlic Hiort fpace of fi\e years, fituations were occupied for 
nearly yo additional fuinaees, or additions made to efta- 
blidicd works of that extent. Iktwixt i8di and 1802, it 
was afeortained that the following new furnaces were cither 
building or adually in blall, in England, Wales and Scot 
laud. 


Ill England and Wales, 

Blowiiv'». 

Butlilnii;. 

Silvcrdalc, 

I 

0 

bncdUiill, - - 

2 

0 

AVibfey Moor, 

I 

0 

Ketlcy, 

I 

0 

Madcly Wood 

Burnet’s [.eafow''. 

I 

0 

1 

0 

Ncwcalllc, Stafford fliirc 

0 

X • 

Cy fart ha, South Wales, 

t 

0 

IJanelly, Do. 

1 

0 

Sirhowy, Do, 

X 

0 

Beaufort, Do* 

I 

0 

riymouth. 

X 

0 

Union, 

0 

1 

Aberdare, - • 

0 

3 

I'ipton, near Billion, 

Bloomfield, - • 

I 

1 

0 

1 

Longaci-es, 

0 

X 

Wednclbury, 

0 

r 

StalFordlhirc, 

Coleford, Gloucellerfltire 

I 

0 

X 

0 

Jackfield, 

I 

0 

Old Park, 

0 

I 

Donnington Wood, 

0 

I 

Decpfield,. StalTordfliire, 

I 

0 

Gornall Wood^ Do. • 

I 

0 

Brierly Hill, 

1 

0 

Billion, 

1 

0 

, near Wolverhampton, 

0 

X 

Dudley Wood, 

0 

5 

Billingfly, Shroplliire, 

0 

I 

Ncwcallle upon Tyne, 

0 

2 


20 

20 

In Scotland. 

Building, 

Muirkirk, -10 

Glenbuck, • i 0 

Calder, -02 

Markiiich, - 0 2 

Sbotts, • 01 


2 

5 

Total of new Blall Furnaces 

22 

*5 


Blowing and building in Great Britain ; the produce of 
which, Xuppofing them all tp have gone to work at the rate 
of lOGo tons per annum, from each furnace, would 
amount to, from 47 furnaces, 47,000 tons, 

>*5.079 

168 furnaces, 172,079 tons 

The ref|>cft!vc proportions of this a ftonifliing produce in pig 
iron manufactured in England and Wales, and in Scotland, 
will 4 aud thus : 


Turnaces. 

Tom. 

England and Wales, in 1796, 104 


Jo8,933 

Dilto, lince that period, 40 


40,00a 

— 

144 

<48,993 

Scotland, in I79v6 • 17 


16,086 

Ditto, fince that period 


7, coo 



23,0815 

Grand total in Britain, 

168 making 172,079 


In recapitulating tlie interefting faCts wliich will refult from 
a review of the gigantic progivfs of tliis manufactory, the 
regular progrcfilvc quantity made at a furnace is remarkable, 
or, which is tlie fame, a diminution of the number of fur- 
naces to perform the fame quantity of labour. 

Dudley reprefents, that in his day, 162c, there 
exifted, in England and Wales alone, 300 blall 
furnaces, for the foie making of pigdron, to each 
of thefe have been airigncd the yearly pro- 
duce of - - - 25*0 tons. 

At a period conliderably after this, and before 
the ufe of pit-coal was found 'profitable in the fur- 
nace, 59 furnaces produced yearly 17,35c tons of 
charcoal iron, or each furnace average, 294 

In 1788, there ftill cxitted in England 24 char- 
coal furnaces, wliich yearly maniifadtui'ed 13,100 
tons of metal, or from cacii furnace, on an 
average, - - "545 

At the fame period, in England and Wales, 53 
blall furnaces, at which coke was iifcd, manufac- 
tured yearly 48,100 tons, w hich upon an average 
was nearly, from each furnace, - 9-57 

The fame year in Scotland, 8 furnaces produced 
70CO tons of iron, or from each furniice, 875 

In 1796, the number of furnaces in England 
and Wales amounted to 104, and yielded 108,993 
tons of metal, which from each furnace was 
eqUi'ilto - - 1048 

The fame year, in Scotland, 17 furnaces manu- 
fa^lured 1 6,086 tons of pig-iron, which is from 
each furnace, - - 946 

Thefe are by no means fuflicicnt data to form an accurate 
opinion of the real progrefs or improvement of our blowing 
machinery hi Britain, in tlie collection of furnaces in 1796, 
a number of charcoal blalls were included, w'hich, from 
their general fmall produce, blowing only four, fix, or nine 
months a year, reduces the average confiderably on the 
whole. It may now be fafely afferted, that the average 
produce in iron at pit-coal blall furnaces in England and 
Wales, is at melting iyon works, - i2co tons 

Do. at forge pig works, 2000 

This bears a very linking contrail to the early exertions 
of the manufafturers in the iixtcenth and feventcenth centu- 
ries, and exhibits a wonderful example pf the general and rapid 
improvement of machinery in the Jail 50 years. With the 
improvements of machinery, the advancement of the manu- 
faaure of iron in general, and particularly of coke pi^-imn, 
has kept equal pace. Nor have we facrificed quality to 
quantity, but the reverfe ; for the melting pig-iron of our 
time is much more calculated for cvciy variety of calling, 
than iron, equally faturated with the coaly principle, made 
mill wood charcoal. 

By comparing the value of a ton of pig-iron at dilFcrcj.t 
eriods for the latt 200 years, a pretty accurate opinion may 
e formed cf the incrcafeJ price of labour at iron works, 
and of the iiicreafed value of an objccl of univerfal utility in 
all our arts and munufuclurcs. 
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About the year 1620, charcoal pig iron fold for 61 . per ton. 
1788, dittu for melting, - 81 . 

1798, ditto - . 9I. 10 8. 

Coke pig iron, when firft invented by Dudley,') , 
wd8 fold at - - . ' j- 41 - 

In 17^B» it fold for • jo3, 

1798, ditto - • 7]. los. 

1 802 » melting iron was • 8 1. loa. 

And fmooth-faced N® i. fold at - - 9I. los. 

One thing is here worthy of remark, that in a period of 
170 years one ton of coke pig iron role in value only 30 s, 
i.e* betwixt 1620 and 1788 ; but that in the Hiort period of 
14 years following 1788, an advance of 4I. per ton took 
puce. One thing only may be offered in extenuation of this 
immenfe rife, that part of it was owing to the mifunderlb.!id- 
ing that took place betwixt this country and fomc of the 
Baltic powers, which was no fooner adjufted than pig iron fell 
in price. The article Hill, however, maintains itfelf^t 81 . 10 s. 
per ton, being double the rife in point of value in fourteen 
years that took place in the one hundred and feventy pre- 
ceding the commencement of that period. 

To point out proper channels, whereby to account for 
the annual confumption of fuch an immenfe quantity of raw 
materials, would prove a fatisfadlory fource of information. 
The endlcfs detail into which the foitndcry trade has now 
branched itfclf, the almoll univerfal fabrication wdiich 
it embraces, and the cxtenfive difrulion of tlie feitea of 
manuftiftories thcmfclves, preclude the poffbility of ob- 
taining this with ftri6l accuracy. The following ftatc- 
ment, however, will tend to throw fome light upon the 

fubjea. 

Ton?. 

It is reckoned, that the bar iron forges in Bri- 
tain manufaaurtd annually from pig iron 40^0:0 
tons of finilhed bars, which, at the rate of 35 cvvt. 
of pigs for cveiy ton of iron bar produced, will ac- 
count for • - . . 70,000 

Confumed yearly in the crc£lion of new furnaces, 
forges, machinery, ... 5,000 

Purchafed by the board of ordnance in tlie Hate 
< f cannons, mortars, carronades, (hot, and 
ihcllf, &:c. on an average of 1794, 5, 6, - 10,935 
Waite ill melting from the pig, boring, 

kc. - - . . 1,300 


Purchafed by the navy board in the (late of baU 
laft, 8cc. - - “ . " * ^>^64 

India Company’s annual fupply in guns, 

(hot, (liells, carcafes, &c. - 5,000 

Waite melting, boring, &c. - 700 

5^700 

Merchant guns, carronades, (hot, &c. for 
aiDiing trading veffJs, - - 1 0,0c O 

Waite in nuking and boring, - J,ooo 

11,000 

Ballad for Merchantmen and India men, - 5,000 


Tons 111,599 

For the difference betwixt this and the total manufadure, 
recourfe mult be had to the large exportation to Ireland, and 
to the numerous and cxtenfive calling foundcrics of London, 
Liverpool, Mancheflcr, Birmingham, Workington, New- 
calUc, Edinburgh, Glafgow, &c. none of which melt under 
20C0 tons yearly, and many of them from 4 to 5000 tons of 

Wc^flSilf now leave this intcrefting fabjc^l with fomc gc* 


neral obfervations upon the origin and progrefs of the pig 
iron manufadture,* and its early ufc in the fabrication of 
callings. 

It appears from Dudley, that towards the clofc of the 
rcig-n ol queen Eli/.abeth, bhilt furnaces had been coiillrufted 
of (ize, and with machinery fufficient to pmducc upwards of 
two tons of charcoal iron per day. Such great products 
in iron were mod probably confined to fitualions whcie there 
was abundance of water, and where wattr-whcels and bel- 
lows of a coiilidirablc magnitude were ufed. The more 
common modes of operation were confined to furnaces of an 
inferior fi^e, which were fupplied with air by means of 
hand* hello w.*:, cxc.ttd by cattle, or the labour of men. At 
the fame period Plngland enjoyed a confidcrahlc export trade, 
aiifing from her fiiperior nuimifaClurc of iron guns, mortars, 
&c. As pit-coal had iii.t been ap'd-ed in ?.'iy branch to the 
manufacturing of iron, it is p obable, tliat thefc articles 
would be call from the large blall furnaces ; the flame of 
wood poffeifing but feeble elhcls compared to that of pit- 
coal, would rtndvr the applicai’on of the reverberating fur- 
nace, if then known, of no ule in the calling of guns and 
mortars. 

The non-application of pit-coal in ever}” department of 
the melting fotindcry, would greatly retard the peifeflion, or 
even irnpro\ement ot the art of moi’.lding, and e.dling fmaller 
and more general articles. The want of it, as the Imelting 
fuel in tlie blafl furnace, was long fevercly felt by the gene- 
ral backward Hate of the art of moulding and calling 111 this 
country, and allowed other nations with fewer advantages 
to get the Hart of us. It is highly probalde, that lung; be- 
fore the period formerly alluded to, tlie application of pit- 
coal !)ad been fpeciilated upon, either ns an auxiliary, or us 
a fubllitute in every branch of the iron bufinefs. Its well 
known inflammability and tendency to form a cinder, and 
the general decay of wood, would furniih ample grounds 
for what, to many at the time, wouLl be confidcred as idle 
and vilionary rpcculations. The advantages arifing from the 
trade, as it vvas then fituated, had been rigidly alcettained, 
and fully appreciated by the ellabliflicd manufadlurers. Tlx 
bufinefs, in point of extent, feemed only limited by the 
fupply of wood. New credlions, for want of a proper fup- 
ply of materials, became impradticable ; thofe alrtady en- 
gaged were more anxious to prelbrvc their fupply, however 
much circuinCciibcd, than lilteu to innovation, which, by 
fubllituting pit-coal for the charcoal of wood, would likely 
give to the fpcculatifi a great fuperiority in the market. It is 
alfo highly probable, that many ot the iron works then 
clliibhlhed were at a conaderable dillauce from pit-coal, the 
general iiitrodiidion of vvliich w”ould prove fatal to their 
juterelU. 

Ill this view of the fuhjcd, the ad venturer with capital 
had every thing to hope, the ellabldlud mauufadurcr every 
thing to fear, by change. Under thefc circunillances, the 
difeovery, or rather the affertion of the praAicability of 
making iron with pit- coal, was announced by Simon Sturte- 
vant, efq. in the >car 1612, who, upon application, was 
favoured with a patent from king Janus, for the cxciiifive 
manufadiirc of iron with pit-coil, iii all its branches, lor the 
long period of thirty-ouc years. In return, the faid Simon 
Sturtevaiu bound himlUf to publilh a faithful account of 
his difeoveries, which afterwards appeared in quarto, under 
the title of his Metallica.” It ii uncertain to what caufes 
his failure was at the time attributed, but in the execution 
of his difeoveries upon a large fcale, he had found dilBcul- 
ties amobiitiug to utter impracticability ; for in the year fol- 
lowing, he was obliged to make a lur render of his letters of 
monopoly. 
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The fecoucl adventurer in this unexplored path'we iind 
1.0 have been *Toha Ravenfon, efq. who, like Sturtev^nt, 
was fiicccfsful in obtainingja patent for the new manufafture.; 
but, like him alfo, was inadequate to the completion of it 
upon a profitable fcalc. Ravenfon was alio enjoined to pub- 
Ii(h his difeoveries under the title of his ** Mctallica,^^ which 
was printed for Thomas Thorp, anno 1613. Several other 
adventurersilepped forth, all of wliom had the mortification 
of refigning their patents, without having contributed to the 
fuccefs of their arduous undertaking. 

In 1619, Diibley obtained his patent, and declared, that 
although he made only at the rate of three tons per week, 
he made it w'ith profit. 

This difeovery was perfeded at his father^s works at Pen- 
fent, in Worcctlerlhire. This gentleman's fuccefs in the va- 
rious manufadures of iron with pit-coal, had united not only 
all the proprietors in the charcoal inm trade, but m my new 
adventurers, who wifhed to fiiare in the emoluments, or to ac- 
quire part of the fame of the new difcoveiy. Their interett 
w'as fuHicient to limit the duration of Dudley's patent from 
3 1 to 14 years* Duringtlie greateft part of this period, accord- 
ing to liis own ftatemeut, he continued to make pig and bar 
iron, and various callings ; all of which he fold much lower 
tlian the charcoal manufadurers. In the article of callings 
he muft have had greatly the Hart of the charcoal foun- 
derics, as. the (Juality of melting coke pig-iron is far fuperior 
to that of charcoal, particularly that made in this country 
for the general purpofes of caftiiig. Nor was the fuperior 
genius of Dudley always an objea of paflive indifference in 
t 4 ie naiTow eftimatiou of the new adventurers and the efta- 
blilhed manufadurers. Tlic envy occafioncd by his uncom- 
mon fuccefs, produced at lad a fpirit of combination, which 
terminated in a hoilile attack upon his devoted works. His 
improved bellows, furnace, forge, kc. all fell a prey to a 
lawlefs banditti, betwixt whom and its furious leaders no 
..Ihades of liillindion were vifiblc, but ’thofe of avarice, jg- 
.norance, and the moil contemptible prdudice. 

To evade the mode of operation diicovered by Dudley, 
or to introduce the making of coke "pig-iron with greater ad- 
vantages, a new plan was adopted by captain Buck, major 
Wildinaii, and others, in the forefl of Dean, where they 
ereded large air-furnaces, into which they introduced clay 
pots refembling thofe u fed at glufs houfes, filled with the 
neceffarry preparations of ore and charcoal. Tiie furnaces 
were heated with the flame of pit-coal; and it is pro- 
liable, that by tapping the pots below, it was expeded th?.t 
-the feparated mtiit w’ould now out. This rude procefs of 
af&ying on a large fcale, was in the end found utterly im- 
pradicable; the heat was inadequate to perfed fepara- 
tion ; the pots cracked ; and, in a ihort time, the procefs 
was abandoned altogether. 

The misfortunes which befel the fanguiue, but unfortu- 
nate Dudley, were an irreparable lofs to the perfedion of the 
toke pig procefs. The hoftilc rivallhips he had to encoun- 
ter in coDfeqiience of the new ground ne had occupied 'as a 
manufisdurer, togetlier with a zealous attachment to the 
royal caufe during the civil war which followed his dif- 
eovery, completely prevented kis improvements from attain- 
ing a pitch of permanency and general utility. The re- 
fufa! 01 a new patent after the reftoration, prevented him 
from again entering the laborious paths of difeovery and 
inprovement, although it appears, that his fonper iy>pli- 
cauon to the.perfeding of this branch of manufadure had 
not been ttnft^cefsfid, for in place of three tons of coke pig 
weekly, in his petition praying for a renewal of hts ancient 
rights, be ftates, that be could now manufadure feven tons 
hj awii.fif ft fumftcoi ftftd ftn unproved bellows. 


No greater pitch of improvement took place for nearly 
erne hundred years after this period. The pradicability 
of llic manufadure wal difeovered ; but the mode of olstaiu- 
ing quantity, to rnfure in general a profitable return, de- 
pended upon other circumfianccs than the proportioning of 
the raw materials together. Iiad machinery received the Uixne 
improvements in the time of I')udley, it is more than proba- 
ble that the rapid progrefs of the coke pig trade would have 
dated its origin from that period. But this great era in the 
hillory of our manufadturcs was referved for a much later 
date ; and in the improvements of the ftcam engine, we fee 
new life and exiftcnce conferred upon every fpecies of art 
that can be made fiibjedt to motion or mechanical con- 
trol. 

Blast Furnace Worhs^ are large and cxpenfive buildings 
for the manufiidluriiig of pig iron. An eredion upon the 
fmallell fcalc mull conlill of a furnace, calling-honfe, bridge- 
houfe, and blowing engine. The latter is fometimes, though 
fcldom, worked by means of a water wheel. The moil uni- 
verfal mode of blowing is by means of a Hearn engine. See 
Blowing Machine. 

There is no general plan laid down for building a blaft; 
furnace work. The lingular fituation which Ihould be oc- 
cupied, to infure eveiy conveniency, renders this dependent 
upon the nature or the ground. 

It is always reckoned a great advantage to place the 
blowing machine at as fliort a diftance as poffible from the 
furnace or furnaces, that thenir may have the leall poflible 
travel in the conduding pipes. When this cannot be con- 
veniently effeded, the diameter of the pipes ought to be 
made fuflicicntly large to admit of the blaft palfing without 
any material fridioii. 

The ufual appendages to blaft furnaces are mines of coal, 
iron-llonc, and lime-ilone. And thefe form no incon* 
fiderable portion of the wliole expencc. 

In fituations where blaft furnace building materials are 
at a moderate price, and when no uncommon difficulty 
occurs ill the prognfs of the general operations, 15000I. 
of funk capital may be deemed requilite for one furnace .j 
and for every furnace after this, io,oool. may be added. 

This great capital for many years kept the trade in tlie 
hands of a few ; but of late, fince capitalifts have become 
more common, the number and extent of the blaft furnace 
eredions have become truly aftoniftiing. 

The following deferiptions of plates illiiftrative of the 
plan and arrangement of blaft furnace works will convey a 
tolerable idea of the nature of thefe buildings. 

Plate XI. Blajl Furnace /f'^ffr/'j,reprefents the ground plan 
of an entire fabric, confining of 

A fteam-engine for blowing two furnaecs. 

2 Blaft furnacea. 

t Bridge-houfes. 

1 Caftirig houfe, 

t Boiler-houfe. 

2 Boilers. 

I Chimney for boiler ft nee. 

A, Engine-houfe, 40 feet long, 18 feet wide. 

B, Pedeftal for ftcam cylinder ; 7 feet fquare at bafe, and 
4 feet at top. 

C, Pedeftal for blowing, or air cylinder. Bafe 1 o feet 
fquare, top 7 feet fquare. Thefe are generally built of folid 
hewn ftone, and bedded with the greateft accuracy. From 
centre to centre of the two pedeftals is 24 feet, w'hioh is 
alfo the diftance betwixt centre and centre of the fteam and 
air cylinders. 

D, Dopr or opening through the lever wall. This wall 

ftt kottom ii built sh but is occaSonally reduced 
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in point of thickneft to feet at top, a$ may be feen at the 
corref|Mnding letter in the fedion. 

F, I>oor or opening from the engine into the boiler-houfe. 
An opening a&>ve this ferves to condud the fteam pipe 
from the boiler to the fleam apparatus at the cylinder. 

E, Door or opening for cairying through the blaft pipes 
from the top and bottom of the air cylinder to the water re- 
ceiver below. 

Gf The boiler<«houfe, 40 feet by so within the wall.i. 
As this is excavated from the folid hill to the depth of 30 
feet, it is requifite to have the walls uncommonly ftrong.* 
Thofe in the plan are 6 feet thick at bottom, and are reduced 
at three different heights in tliicknefs, as reprefented by 
the interior lines. 

H H, Two boiler feats for boilers, 18 feet long, 95 feet 
high, and 7 feet wide. 

X I, Fire-places, 6 feet fquare. 

K K, Dead-plates before the bars or grates. 

L L, Openings where the furnace doors are hung. 

M M, Semi-circular openings formed beyond tl.e dotted 
line, or termination of the boi^r, in which the flame from the 
grates rifes to enter the iron flue or tube, which is placed in 
the centre of the boiler. 

N, Chimney, feet fquare within, and 50 feet in total 
height ; from the bottom of the flue 42, and 8 feet from the 
foundation. 

O O, Coal pits for containing fmall coals for the engine's 
fupply. Thefe are 8 feet by 6 at bottom, and widen 
gradually as they approach the furface of the coke yard. 
The coals are there emptied from the cart into thefe receivers, 
and the engine-man eafily fupplies his wants from the 
fmall openings which communicate w*ith O into the boikr- 
hovfe. 

P P, Bridge-houfes for containing cokes, iron-ftone, and 
lime-ftone, for filling the furnace, meafurement within 42 
by 40 feet. 

(^Q. Doors or entrances from the coke yard into the 
bridg^oufes. 

R R, Openings from the bridge-houfe, w'hich is here con- 
ncAed with the furnace, by means of an arch and parapet 
walls. This is more fully feen in the elevation ie&on P. 
Along this bridge the materials are carried or wheeled into 
the mouth of the furnace. 

S S, Two blaft furnaces, 34 feet fquare in the bife, 

T, Cafting-houfe 102 feet long by 48 in width, from the 
front vrall or arch of the furnace, or 88 feet wide from the 
front wall of the engine and bridge-houfes, and 24 feet high 
in the fide walls. 

W, Water receiver for receiving and equalizing the column 
of biaft. length 40 feet, and breadth 18 feet. 

V, The fpace in which the equivalent column of water 
rifes, X feet wide. The exterior line denotes the inverted 
iron cheft ; the interior lines, the different bafements formed 
by the ftone work laid upon the cheft to prevent it from rifing 
when the engine is at work. 

Y, Termination of the blaft conduA pipes from the air 
cylinder into the iron receiver, 2 feet 6 inches diameter. 

Z, Pofition for the horizontal range of pipes to branch 
off, which arc meant to convey the blaft to the oppofitc 
tuyeres, a a, betwixt the back wall of the furnace, and the 
bridge-houfe. 

blf The two tuyere fidcs next the water preffure. From 
Y proceeds a ftraight pipe along the centre line for con- 
veying the blaft to that fide of the fumace. 

c Cf Front arches, under which the furnace workmen per- 
form aU the labour of tapping, cafting, and cleaning^he fur- 
nace. 


JJt The fpaces inclofed within thefe dotted lines ore 
called pig beds. They arc kept conftantly filled with fand, 
and in them the operation of moulding and running the pig 
metal is conftantly performed. 

Plate XII. Blqjfl Furnace worh* 

Elevated feAtou of the ground plan, Plate XL through 
NFBDCEandX. 

A, Infide of the blaft engine-houfe. 

B, Steam cylinder pedeftal. 

C, Blowing or air cylinder pedeftal. Both of thefe are 
built upon 4 or 6 inch planking, laid upon ftrong logs, which 
are a^in fupported upon the folid ftone buildings, a run 
ning from the lower wall along the fide wall of the engine- 
houfe, to the wall perpendicular to E. The binding down 
bolts that pafs through the flanges of the cylinders are 
ftrongly keyed upon the under fide of the logs, and arc at 
all times eafily acceflible. 

D, The lever wail and opening of communication bc» 
twixt the fteam and blowing end of the engine-houfe. 

F, Door or opening into the cafting huufe and water re- 
gulators. 

£, Door to the boiler houfe. 

G, The boiler-houfe* 

H, One of the boiler feats. 

I, One of the boilers, 1 8 feet long, by 9 1 wide, by 7 high. 

K, Manhole door for entering the boiler. 

L, Thorough arch in the foundation of the chimney. 

M, Throat, or opening into the chimney, for the paffage 
of the flame and fmoke. 

O, Coal pit for containing fuel for the engine. 

P, Arched paflage of communication betw'ixt the bridge- 
houfe and furnace mouth. The opening in the bridge-houfe 
is more dilUnAIy feen at R, Plate XI. 

S, Side view of one of the blaft furnaces, as conncAed 
with its correfponding bridge-houfe. 

W, Water vault, orciftern, for receiving the inverted cheft. 
In rocky foundations this is cut out of the rock, but in 
foft ground the excavation is made and lined with well jointed 
mafon work, puddled behind with clay to prevent the lois of 
water. 

T, Cafting-houfe and roof. 

The tuyere arch. 

r. The fow, or lintel of cad-iron, 12 inches fquare. 

The orifice at which the blaft enters, called the tuyere, 
e. Spring beams of the engine houfe, A. Thefe are com- 
pofed of two logs 14 inches fquare. The main gudgeon, 
feat, and beam reft upon thefe. 
yi Stay logs for the fteam cylinder, 
g, Ditto, for the blowing cylinder. 

Defeription of Pib/eXlII. Blajl Fumace Warh* 

Crofs fcAion and elevation of PlateY\% through SYS. 

S S, SeAion of two blaft furnaces, and thdr fituation m 
conncAed with the blowing apparatus.^ 

Y, The branch pipe for communicating the air to the in- 
fide tuyeres of the furnace. This pipe has another 
branch of communication behind, which conneAs it to the 
blaft pipes which defeend from the blowing cylinder at A, 
and to the double column of pipes which are carried round 
behind the fumace to the oppofite tuyeres. 

C C, View of the pipes which convey the air to the oppo* 
file tuyeres, where douole blafts are in ufe. 

D, Front wall of engine and bridge-hoofes. 

X, Iron cheft inverted in the water receiver, and con- 
ncAed with the blaft pipes. 

VV, Qpening all round for the water to afeend, ns it be^ 
comes exprefled from the cheft by the impelling force of the 
blaft. " 
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Of Logs 00 tvhich the cheft is invertedi to prefenre it from 
the floor of the water receivcry from IS inches to x8 of 
fpace. 

Defcription of Plate XIV. BlaJ! Furnace WorltSn 

Ground plan of an extenfivc blaft furnace foundery, con» 
filling of four funiaces and two blall engines. The peculiar 
conftruftion of tliis plan is, that only one furnace may be 
erected at a time, and afterwards the whole number $ Hill 
prefervittg that regularity and uniformity of delign which 
will at any time make the blowing machinery of one pait 
fubfervient to the whole, in cafe ot iccideats, iloppages for 
repairs, &c. 

A, Enginc-houfe, with cylinder, pedcHals, lever wall, 
openings, &c. 

B B, Two boiler-feats and boilers. 

CC, Water regulators for the blaft, which conveniently 
communicates, by means of pipes, with the blowing cy- 
linders, placed upon the pedeliau behind A, I. 

D D, &c. Centre line of the whole blaft pipes. This exten- 
flve column may be fo arranged, as to enable the furnaces to 
be blown each with two tuyeres ; and the blaft of one engine 
made to pafs through the whole. The general communica- 
tion is effeded by carrying the chief cdumn cither behind 
the furnaces, or, as in the plate, through the main pillar 
of the furnace, by means of an arched opening 3 feet 
wide. 

£, Ground plan of the hearth, fquares, and pillars of four 
blaft furnaces. 

FFFF, Bridge-houfes for materials, and filling or charg- 
ing the furnace. 

GGGGG, Openings into the furnace top. 

H, Cafting-houfe. 

I, Second blaft-engine, upon the fame plan as A. Each 
of thefe two engines ought to be calculated to blow two 
furnaces, and occafionally, when any thing goes wrong with 
one, the blaft of the other could be eafily diilributed ipr a 
time among all the funiaces. 

BLASTED, in Antiquity y fomething ftruck with a hlajl^ 

Among the Romans, places blafted with lightning were 
to be confecrated to Jupiter, under the name of kidaitallny 
and putealia* It was alto a ceremonial of religion to burn 
blafted bodies in the fire. 

BLASTING Jloneey in Agriculture, the operation of 
tearing afunder large ftones or rocks, which are in the way 
of the plough or oUicr inllruments employed in breaking up 
ground, by means of gun-powder. The method of per- 
forming this bufinefs is by boring a large hole, eight, ten, 
twelve, or more inches deep, according to the nature and fize 
of the Hone or rock to be blafted, by means of a chifel for the 
purpofe, and then introducing a fufficient quantity of gun- 
powder, and afterwards carefully ramming the hole up with 
fmall fragments of ftone or other folid materials, only 
leaving a very fmall aperture, by placing a Heel pricker of 
fufficient length and suitable dimenfions, with a handle at 
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the top, at firft into the powder, and frequently turning it 
round while the hole is ramming up. After the nole is quite 
filled, by forcing the hard materials in with a proper inltru- 
ment, tne pricker is withdrawn, and the aperture left by 
it filled to the top with gun-powder, and then a match of 
tow, ftraw, or other light inflammable material laid to it, and 
fet on fire. 

It is obferved by Mr. Headrick, in the fecond volume of 

Communications to the Board of Agriculture,” that in 
order to perform this ooeration properly fome experience is 
necefla^, and that a fkilful workman can frequently rend 
ftones into three equal pieces, without caufing the fragments 
to fly about* This, he fays, depends upon the depth and 
pofilton of the bore. It is alfo remarked, that a fmall por* 
tion of quick-lime, in fine powder, is found to increafe the 
force, and co'ifequeutly to diminifli the expence of blafting 
ftones. On thefe gj:0\inds the following is offered as a fub- 
ftitutc for gun-powder, which is now become very expen- 
five, though, as is freely confeffccl, without any experience 
ofitseffeas. Suppofing^^. i, Plate lll,\,Agricultuie)Xohtn 
large ftone to be blafted or rent; ab, a bore Tent down into it in 
the ufual manner. This bore being then well cleaned out and 
dried, is to be filled from btoc with tlic pureft quicklime, or 
fuch as fwells moft in flaking. That it may be perfcAly quick 
it (hould be taken red hot n‘om the kiln, or the fmall furnace 
where it has been burnt ; being then rammed in hard with 
the jumper or punch a c, the upper part of the bore is to be 
crammed with rotten rock in the ordinary way. The prickc r 
being removed leaves the aperture at b,ab, a fmall pipe of 
copper, of lefs diameter than the needle or pricker, luving 
an orifice about the dimenfions of the 11 raw, ufed to convryt 
the fire down to the gunpowder, with a fftnncl d to receive 
water, is introduced into the aperture. Perhaps a ftraw or 
fmall reed ftuck in the lower part of the ft: incl, among tallow 
or bees wax, might ferve the purpofe of a copper }'ipc. 
Things being thus prepared, pour water into the Uir.nv'l d ; 
and if the pipe be not too hign, fo as to preyrnt ilie air from 
efcaping from the aperture, left by the pricJrer, it willdefccnd 
and caufe the lime to flake in the bore c Tvery one knows 
how irrefillibly the pureft quick lime attrac ts w aier, and \n ith 
what prodigious force it expands in flaki into tlircc or 
four times its former bulk. From thefe data it is therefore 
inferred, that the flaking of lime, in fiieli circumftances, 
would buril or rend the Hone /in pieces; but the fuccefs of. 
fuch an experiment, it is obferved, inuil tlepend entirely 
upon iifing lime of the ntmoft purity, and having it veiy 
hot, and perfectly cauftic when it is put in. 

It is further remarked that if the bore c I were filled with 
water, and the aj>crturc afterwards rammed up, the water 
being made to freeze by cold, would rend the ftone ; for 
when water pafles from a fluid to a folid form, it expands 
with irrcfiftible force, though froft cannot he de]'cndcd upon 
ia this climate. 




BLEACHING. The art of bleaching confiftB m rc- 
ittoving the coloured matters intermixed with vegetable and 
animal fubftances in their natural ftatCi or ftich as they have 
fubfequcntly imbibed by accidenti or fome artificial procefe, 
Edward Huffey Delaval, efq. F.R.S. has (hewn, by a num- 
ber of accurate experiments on the caufe of the permanent 
colours of opakebodiesi publifhed in the fecond Yolumc of 
the fccond edition of the Memoirs of the Literary and’ 
Philofophical Society of Manclieftcr, « that when tlie 
colouring matter of plants is extrafted from them, titefolid 
fibrous parts, thus ui veiled of their covering, difplay that 
whitcuefs which is their diftiuguilhing charafter. White' 
paper and linen arc fonned of luen fibrous vegetable tnirttcr, 
which is blcaclied by dillblving and detaching the hetero- 
geneous coloured particles/' He further obfervei, •• it 
appears that the cunh, wiiich forms the folid fubflince of 

E lants, is white ; that it is fcparable from the colouring matter 
y feveral means; that whenever it is either purcand uomixed, 
or diffufed through iranfparcnt colourlcfs media, it exhibits 
its whitenefs, and is the only vegetable matter which is 
endued with a refledive power ; that the colours of vegetables 
are produced by the Kglit reflefted from this white matter, 
and tranfmitted from thence through the coloured Coat or 
covering, which is formed on its furface by the colouring 
particles ; that whenever the colouring matter is either dil- 
charged or divided by folution into particles, too minute to 
exhibit any colour, the folid earthy fubllancc is expofed to 
view, and difplays that whitenefs, which, as before noticed, 
18 its diftinguifhing charaftcr/ ' 

He Rates that in all thofc animal matters which do exhibit 
colours, the colouring particles are endued with the fame 
propeities, and ai*c regulated by the fame laws, which pre^ 
vail in vegetable fubftances. 

A reference to the original paper can only do jufticc to the 
obfervations of this excellent philofophcr, confirmed by 
numberlcfs experiments ; but what is ali^ady faid will be 
fuificient to give an idea of the nature of the procefs o£ 


bleaching, and that it depends on the removal of the matter 
iiiterpofcd betwixt the air and this white lubftancc. 

The national importaiicT of bleaching is fo great, that it 
comprehends nearly the whole of the cotton and linen manu- 
fafturc, and goes to an extent beyond moft other arts. 

Its operation in thefe branches may be confidcred under 
two points ; viz. ift, the reparation of extraneous fubftances 
from linen and cotton, which is eflefted by fteeping, ferment- 
ation, or weak alkaline leys ; ad, the feparation of the con- 
ftituent or inherent colouring matters of thofe fubftances, 
which is efFc6led by dificrent modes, and by various modi- 
fications of each method, as expofurc to the air, light, tlie 
ufe of alkaline leys, foap, oxygenated muriatic acid, combi- 
nations of oxygenated muriatic acid with other matters, 
fulphuric acid, nepnr fulphuris, &c. 

To imprefs upon the mind the nature of the bleaching 
bufmefs, it will be proper firll to deferibe tlic veffels ufed in 
the fundry operations of llceping, boiling, bucking, wafliing, 
fouling, 5cc. then proceed to flicw the management of ea A 
procefr, with fome obfervations on itseffefls; and, laftly,how 
to make or procure the articles necefTarily employed in this 
art, and the method of afeertaining the qualities of each, 
adding fome obfervations on the theory oi the operations. 

Bleaching of goods, paiticularly cotton maaufadlures. 
jft, On SUtping. 

The vcflels generally ufed in bfeachin? are made of fucb 
wood as will not communicate any colour to the liquors 
they arc to contain, and therefore deal or fir wood is pre- 
ferable to moft others. The veffels employ ed for fteeping the 
goods when received from the loom are ufually of the form A, 

I. Plate L Bleaching. The goods when received from 
the weaver contain not only the natural colouring matter of 
the cotton, which is of an oily nature, and which prevents 
the cloth from eafily imbibing water, but alfo a fubftance 
called fowins, being a pafte made of flour and water, ufed 
during tW weaving, and applied with bruihei upon the 
warp, in order to give a firmuefs to the threads by glueing 



178 


BLEACHING 


or pafting together the loofe fibres of the threads, and thoi The operation of bucking adts on a fimilar principle to 
allowing them to pafs more freely through the reed and that of boiling, but in a much more forcible roannery as a 
harnefs. To n*move this fubilance, and to open the fibres greater quantity of afhes is added in proportion to the 
of the cotton, fo as to give full effeA to the fubfe^ent ope- water made life of, and more heat is received and retained in 
rations, it is prooer to fleep the goods in a vellel of the the large bulk of cloth placed in the bucking tub, which 
above form in lukewarm water, till a gentle fermentation expands the fibres of the cotton, and admits the more power** 
takes place, which will ufualiy be efTedled in 24 hours. The fui action of the alkali, as is eafily demonftrated by oblerving 
cloth (hould then be taken out, and wellwafhed in a current the very dark colour of the alkaline leys which have bceu 
of clear water, which will thus feparate a confidcrable quan- ufed in bucking, in compai ifon with thole which have been 
tity of filth without the expence of ufing alkaline leys ; and employed in boiling goods. To thofe perfons who wifh for 
the cloth is then ready to be boiled or bucked as may be a full and minute account of the abforption and power of 
preferred by the bleacher. heat, we recommend a pcrufal of count Rumford’s interefl* 

zd, On BoUwg, ing effays on the fubjcift of heat. 

For boiling, a copper vcflfcl is to be preferred, and the The olack alkaline Icy which remains after bucking (hould 
goods prepared, as above mentioned, by flceping and wafh- be preferved, as it will anfwci*, aficr evaporating and cal« 
ing, arc pat into the velTcl containing hot water only, or cining, as hereafter mentioned, to form again frc(h alkaline 
warm alkaline ley; a winch is placed over the vcffel, and the falts of good quality. With a view to preferve as much 
piece goods attached to the ends of each other, are, when of the ley as pofTible, it will be advifcable to wring it 
put in motion by the handle of the winch, dragged or rolled out into a tub from the cloth or yarn, after it is bucked, 
over it till the whole arc pafTed ; the winch is then turned by the method (hewn in where R R arc 

with a retrograde motion, and tlie cloth gradually thus re- two ftrong pofts, fixed firm in the ground, 8 T two wring- 
turned back, in order that every part of each piece may be ing hooks, upon which the cloth U is twilled, to force out 
slioroughly impregnated with the liquor, which is raifed to the liquor, by W, a winch handle, which turns the hook 
and kept at a boiling heat, as long as it appears to extradl round on the poll R. The two hooks arc kept at a proper 
any colouring matter from the cloth ; the goods are then diilance from each other, one by a collar at X, the other by 
taken out and well walhed in water. an iron pin at Y, which runs through a hole in the fquare 

Fig, I. Plate IV. (hews a fe£tion of the boiling pan A, of part belonging to the hook T, which fquare has fcvcral noles 
copper, fet in brickwork B ; the winch C, with its handle in it to bring this hook nearer to the hook S when re- 
D ; £, uprights of wood, on which the winch turns ; F, a quired. 

co<^ to empty the pan ; G, the fire-place ; H, the a(h-hole. 4th, Souring, 

The ufc of this procefs depends upon the properties This procefs confills in immerfing, for the fpacc of tw^elvc 
which alkaline falts nave of uniting with the oily and re- hours, or more, the yarn or cotton in a mixture of water and 
finous matters which are either attached to or are a con- fulphuric acid (vitriolic acid), well incorporated; the proper 
ilUuent part of vegetable fibres, and which contain their ftrength of which mixture is about the acidity of lemon 
colouring particles, forming with them a faponaceous matter, juice, and is ufualiy diredied by the talle* The four kettle 
foluble in water, and by Uiat means eafily extricated from fhould be made of lead, of a form which can be heated ; the 
the cloth. heat of the liquor (hould not be greater than the hand can 

3d, On Bucking, bear with eafe. This four kettle (hould be half funk v/ithin 

As this is one of the mod general operations in bleaching, the ground, as (hewn in PLte IV. Jig, 2, where M is a fec- 
it will be nccciTary to deferibe it more particularly. Fh, 1, tioii of the (curing vclTcl ; N, the level of the ground; O, the 
Phte I. under the word buckings (licws at A the form of the brickwork ; P, the fire-place, which is a half circle, or arch, 
bucking tub or kicr, in which the goods arc to be laid ; B is without any gixte ; 1 1 1 , a ^ace filled with dry afhes, be- 
an iron boiler, in which the alkaune falts, as pot- afhes or twixt the lower part of the (our vefTcl and the brick-work, 
peari-alhes, are to be difiblved in boiling water ; C is the fire- in order to preferve the heat of the liquor in that part of the 

f lace, in which a fire is coniUntly kept up ; D is the a(h-hole ; vellel below the furfacc of the ground ; K, a brick hearth, on 
If a cock through which the boiling ley is let out upon which part of the fiie is made ; L, a cad iron plate, bending in 
the goods clofely placed together in the bucking tub, A. the form of the four ketvk, which is intended to prevent the fire 
A (ufficient quantity of boiung ley is let into the bucking placed on the fioor at P K, from acting upon the lead of the 
tub, till all the goods in the tub are thoroughly impregnated four vefici ; Q» the fpace betwixt the vellel and brick-work, 
whb it I the ley liquor is then allowed to pafs by a cock through which 'the fmoke goes to the chimney, 
at H into an iron vefTcl placed in the ground at F, and from The condrudlion of this apparatus is upon the fame prin- 
thence raifed by the pump G into the iron boiler B, and ciple as the warm vats made ufe of by the blue dyers, the 
thence returned hot aran upon the cloth. This operation intent not being to make the liquor boil, but to keep it at 
is continued for feverm hours, till the ley, by the reparation a degree of heat which the hand can long and eafily bear, 
of the colouring matter in the cloth, acquires a colour almoil There arc no grate or bars neceiTary ii) this fire-place, as the 
black, a very offenfive fmcll, and nearly the confidence of coals will burn with fudicient rapidity w ithout them, 
molaffcs or treacle. The cloth is then taken out, well wafhed The goods may be put into this acid liquor either in a 
fromitsimpurities, and, in the old modeof bleaching, it is then wet or dry date. The bed plan is to immerfe the goods 
upon the ground to be whitened by expofure to the at- in the evening in the acid liquor cold, let them remain co- 
snorphere, but, in the new mode of bleaching, is fubmitted to vered with it all night, then in the morning make a fire 
die a^ion of the oxygenated muriatic acid, to procure a iimi- and bring the liquor to a blood heat, in whicfi date ha\ ing 
lar whitenefs. It may be proper hereto notice, that the a winch over the vefTcl, fimilar to that reprelented at C,^* i. 
old and new methods of bleaching are yet much the fame as give the goods a few turns over it, that every part olthcm 
fermerlv, only in the fubditution of the ufe of the oxy- may be expofed to the aftion of the liquor. ^ The goods 
genated muriatip acid in tWe parts of the procefs, where a may then be laj^ed round the winch to drain a little, to pre- 
bng expofure to the atmofphere was formerly employed after vent an unnecelTary wade of the acid liquor, and afterwards 
the alkaline leys. carried to the wafh-u heel, or river, to be well walhed from 
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the acid, fo that tlie cloth may be pevfo£tly taftclcfs to the 
tongue. It is a remarkable circumlUnce, that cloth may 
remain immcrfcd a very confulerahlc time in a llrong acid 
hquor witliout rotting, but that if cxpofed to the air or heat 
of a ftove, if a very fmalJ portion of acidity remains in the 
cloth, it becomes lo concentrated by heat, as to damage the 
cloth immediately ; therefore too much attention cannot be 
paid to this point. 

The ufe of the acid liquor above-mentioned is to diflblve 
any earthy or metallic matters inherent in the cloth, or 
which may have been communicated to it accidentally, or 
which it may have derived from the impurity of the alkaline 
falts ufed in the bucking or boiling. 

A confidcrablc quantity of the acid liquor may be pre- 
ferved by, pafllug the gt'ods wfiich Iiave been foured throu^-h 
a tub of clean cold water, previous to waflilng them, and 
replenifliing the four kettle with thia acidulated liquor, ra- 
ther than water only. 

yth, lVnJhl:t<r, 

After every operation in u'lncli acids or alkaline fnbdancea 
arc*ufcd in bleaching, it is nccefriry that the goods (honld 
be wellwaflied in clear water; it is therefore of ihc greatcll 
confequence that the water of a hleach ground fliould be 
pure, and in confidcrablc quantities, fucli, for iiillance, as is 
perfectly tranfparent, will not curdle vvitli foap, nor yield 
any degree of blacknefs with powdered gall nut ., or, which 
18 a more accurate tell, with a tintlure of galls by infulion 
ill fpirits of wine. 

Various methods have been invcTited for the purpofe of 
wafliing out the impurities of the articles to be bleached ; 
fuch as clcanfing them in a large current of water by fhakiug 
them with the hand in the llrcam, beating them on blocks of 
wood with a flat paddle, or hand brufli, beating them on a 
large flat ftone with long wooden levers, flatted underneath, 
palling them over winches placed above veflHa of water, or 
rivers, !• and 3. VUuc II. pafTuig them betwdxt plain 

or fluted rollers, as 5. and 6. putting them under fulling 
mills, or fulling (lucks, as 7. or within wallvwhcels, as 
I. and 2. and by many other modes, few of which are 
equal, and perhaps none fupcriur, to thofe of w'htch engrav. 
ings are here given, for doing the hufinefs iimply, eire<ftuu]]y, 
and with cafe to tlie workmen; the hitter point of wliich is 
of confequence to be attended to, as it will be utiiverfally 
found in every mechanical employment, that if tholeail ad- 
ditional labour or care is required from the w orkmen, how- 
ever great the efl'efts produced, prejudice or indolence will 
p«*event their doing jiiftice to the invention. Under thefe 
.circiimflanccs, the w adi-whccl reprefented in Plate i, 

3, 4, is the bed machine for general ufe, and the lead liable 
to occafion damage to the goods. The front of the waih- 
whecl reprefented at A, /i|^. i. is fuppofed to be eight feet 
diameter, exclufive of the buckets B, /hewn by <lotted lines 
on its periphery, wdiich give it motion from the water falling 
into them. This wdieci is divided wuthiii into four parts or 
quarters, by the llrong arms projecling from the ftiafts D, 
to the outer circle; in each of thefe feparatc quarters or boxes, 
repn fented by dotted lines, one or more pieces of goods 
which require wafliing, are put loofely folded together 
thn>ugh one of the hofes C, of 14 indies diameter. 

2. (hews the back part of the faid wafli-wheel, which 
is made of folid planks, excepting a grate of (lender iron bars 
marked R, which encircles the wheel underneath the f«p^ 
ration boards or bottoms of the buckets ; the ufe of this 
grating is to admit within the wheel a current of clear water 
from the pipe Q. When an equal number of piece goods have 
been intro^eed into each of the four Svilions 01 the wheel 
by the holes, CfSce* above mentioned, a current of clear water 
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is permitted to run tli rough n cock from the pipe Q, againil 
the ffi-ating R, which allows it to flow fredy through into 
the boxes, or thofe parts of the wlicel which contain the 
goods ; a valve is then opened fiom the trough P, conunu- 
iiicating with a large refervoir or dream of water, a fufiicieiit 
quantity of which is let into the outflde buckets from the 
valve, to give the pmper motion to the wafli-wheel contain, 
ing the goods. In evciy revolution of the wheel, the goods 
in each quarter of it are thrown twice, by the Ample motion 
of the wheel, with great force ;igainfl; the arms which form 
the four diviiions of it ; viz. oik'c in going down, and once 
in rifiHg up. Tlie ear can diftingniflt by tlie finnnefs of the 
fomid when the wheel moves with proper velocity; and a 
greater or leff. quantity of water is allowed to a£l upon the 
buckets till that is attained, which ufually is when the wheel 
makes i j or 16 nwolutions in a minute. During the whole 
time the wheel is in motion, the llream of clear water from 
the pipe Q flows upon the goods within the wheel in every 
direction ; and the dirty water, produced from thus wafliing 
il»e goods, runs out of the whetk from a number of holes 
bored through the wood-work near the axle, and a few made 
in the front near the outer circle of the w'heel. Fig. 4, 
(hews an end view of the wafli-wheel, about thirty inches 
wide, with the manner that the bucket-work is made. 

It has been found to aiifwcr » qually well to make ufe of 
a greater number of wafli-whfels of a fmaller iixe, as fix 
feet diameter and two feet wide, of which feveral may be 
put in motion at once by a large water-wheel, horfes, or i 
ileam engine. 

The goods, when taken out of the w^afli-whecl, arc to be 
unfolded, and taken to the river to be llreamed, or may be 
waflicd from any impiirities which may remain in the folds 
by means of a winch N, i. and 3, Platelh where fix 
pieces of cloth are repi*el*cntcd in the adlion of walhing in t 
large w'oodcn hack divided into fix partitions, to prevent 
the pieces of goods entangling with each other. Fig* 1. is 
H fide view of the operation, where the dotted lines reprefent 
the partitions which feparatc the goods; I, a trundle wheel, 
which being put in motion by the cogs, H, of the wafli- 
wheel, turns the winch on its axle, which winch may at any 
time be detached from it by the Jiaudle M drawing the catch 
K from the hook, a.s is fliewn in the top view Jig* 3. where 
alfo is explained, at the letters OOODOO, the manner in 
which each piece of goods is kept in its proper place on the 
winch, by the partitions above mentioned, and by angular 
flips of wood nailed to the back and partitions. 

To alTift the drying of the goods after wafliing, they are 
nfually pafi'ed betwixt two fmall rollers, commonly called 
rqueexers, reprefented at Jig. 5, where G is a folid wooden 
frame, containing two wooden rollers, each from 10 to 16 
inches long, on an iron axis, which rollers receive a proper 
prcfliire by means of the two ferews T adling on an iron bar 
V, which rolls on the two ends of the axis of the top roller, as 
fliewn by the dotted lines. In proportion as the *crcw8 prefs 
the iron bar upon the axle of the top roller, it brings that 
roller clofer in contact with the bottom roller, and occafions 
more water to be prefled out of the cloth, which is pafled 
betwixt them loofely drawn together, fomething like a rope, 
and the goods therefore require lefs time in the fubfequent 
drying. In this plate the iqueezers are connefted with the 
wafli-wheel above mentioned by a fquare iron focket, which^ 
as is fliewn at F, Aides occaiionally upon the fquaresof both 
axles. Fig* 4. ^ews at S the buckets of the walb-wheel, oa 
which the water falls to give it motion ; H, the cogs round 
its axle„ which work the trundle wheel I. 

Fig* 6 * Plati 11. (hews two views of another machine 
ufed ibr deanhng cotten goods, confiding df two fiuted or 
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grooved rollcm, in the fedlion of which a reprefents Ac fills, 
or bottom timbers ; i the two fupports or (idc pieces ; c% 
one of the uprght pieces in which the axles of the rollers 
arc placed ; d<i^ the two crofs pieces to fecure the frame 
work below; €e% the two rollers with grooved channels 
which Ht to each other ; one of the levers, which, from 
n point /» flicwn by dotted lines, prcflVs on the round end of 
the axle of the top roller, more or Icfs, according as the 
weight k is placed on the lever furtlier from or nearer to 
the i;xis of the roller. 

In the geometrical elevation of the fame machine, ee fliews 
a front vievv of the two rollers ; f the winch to turn it, 
w'th H hollow wood handle upon the iion wink ; /, the axis 
of tlie upper roller projefliug beyond the fide timber, fo as 
to admit one of the levers h above mentioned to prefs upon it. 

The wet goods, by being pafled backwards and forwards 
through theie fluted rullei-s, which arc conft:ru£tcd at a much 
kfs expence than wafh-whcels, are conlidcrably cleanfed, 
but not fo perfc£lly as by the wafli-whtcls above men- 
tioned. 

7 * II. explains another mode of cleanfmg 
goods, and is applicable to cotton, linen, or w^oollen goods, 
but more generally to the two laft, as, without great care 
in its management, it is very apt to tear or damage cotton 
goods. This machinery is ufually termed tailing Itocks, or 
tallivjg harnmera. N® i, is the axle of the water-wheel, in 
which are fixed tappets at 2, to raife alternately the levees 

4* furniflied with large wooden mallets or hammer lieads 
6, 8, channelled at the lower part as at 8. Thcfe lever ham- 
mers or fallera, work from a pin fixed in the upright at 7 ; 
9 is a (Iroug piece of limber hollowed out at 10, to receive 
the goods to he clea fed ; x i , a piece of timber fixed a-flant 
to keep the fallers in their proper place, and dire£l their 
motion ; 1 2, a chain faftened to each fallen, ferving by 
means of the hoi k 13^ to lufpend the fallcr whilll the goods 
are put in or taken out of the cavity 10. 

When tlic goods to be cleanfed arc placed in a loofc 
bundle in this cavity, the hammers arc let d( wn upon them, 
anJ put in motion alter:ately by the tappets 2, in rota- 
tion, which raife the levers to a certaiti height, and then 
quitting them, the hamner hea ’s by thcT great weight, fall 
with great force on the goods in the cavity below them ; and 
a current of clear water being admitted upon the goods from 
a cock above them, the dirty wnter runs out at a hole in the 
bottom of the cavity. The tailing of the liammers gives a 
flow circular motion to the goods in the cavity, fo as to 
expofe the fcvcral parts in rotation to the a^ion of the 
hammers. 

Having noticed the vcfllls made ufc of in bleaching, and 
the general nature of the feveral operations, we ftiall now 
proceed to mention the origin of the fcvcral improvements 
made in this art, and tlicir application to pmdtice. 

Under the operation of ileeping, we haveihewn the method 
of rtiuoving tht colouring matters not natural to the vege- 
table, but a?qu:rtd in the manufadure, and which may pro. 
babiy bt bed done by water alone, though fometimes fome 
of the old leys, which have been prevxoufly ofed to other 
cloth, are employed to this purpofe. After the ftceping, 
and i 'deed after every application of bleaching agents, it 
fliould be laid down as a general rule, that tne cloth or 
goods be carefully waflied in cold water. 

In the old method of bleaching, alkalies, fuc 1 i as pearl or 
pot«aihes, were, after fteeping, applied by bucking or boiU 
mg, with alternate expofurc to the atinofphcre* 

Alkalies afting fo important a part, it is neceflary to d<s 
fertbe the hleachm* mode of uflng them, which confifls in 
diflolving them in clean water, and thos forming what is 
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termed an a(h-ley. To which the more intelligent bleacher, 
if he does not make ufc of American pot afli, or that of a 
fimilar quality, adds 1 of quicklime, whereby the afhes arc 
rendered caullic, and their power matctlally augmented. 
But in order that no inconvenience may arife from can (I icily, 
after mixture, the whole is allowed to fettle, aud from ihc 
pure l’q’»or thereof ihc work in afterwards fupplied ; the 
bleacher, in drawing it off, recliicinir it by the ailditiou of 
water U) the diftereiit iirengths which the go^cls may require. 

The Icy being prepared, the bleacher proceeds to apply 
it to the cloth by bucking or by boiling. 

In bucking, the alkaline Icy is put into the boiltr be- 
fore delcribcd, near to and below which is the wooden vefltl 
called a kicr, in which the goods are loofely and regularly 
arranged. After this, a fire is put under the buiUr, aud 
beginning whilft the ley is yet cold, it is made to circulate 
through the cloth in the kicr, from which it runs into tlic 
iron vcflel placed in the ground, from this it is pumped up 
into the boiler, and again returned upon the cloth in the 
kicr; and this circulation is maintained, and the heat at the 
fame time incrcafed, until tlic Icy be fo far concentrated by 
evaporation, as at laft to remain ahnoft wholly in the cloth. 
This is generally the operation of a day, and the cloth is 
allowed afterwards to remain thus impregnated with the* 
concentrated ley until next morning. 

Ill boiling in alkaline leys, the mode of which has been 
before deferibed, the operation is continued from one hour 
to five or fix hours, but it is more tedious and lefs tirtftual 
than bucking, where much bufinefs is to be done. 

After bucking or boiling, the goods were, by the old 
bleaching procels, expofed for at leaft a week to the air, 
before they were again fubmitted to the aftion of alkaline 
leys, and this proctfs altcinately repeated many times^, till 
the goods were perfectly white, and the goods at lull foured 
and walhed off. 

To explain the old method of bleaching more particularly, 
we ftiall add the following procefs for bleaching linen cloth. 

Steep your raw linen cloth in a wood velfcl all night, 
then change the water, and add frefh till you perceive the 
w^atcr to be no longer difcoloured by it ; nnfe, wring, and 
lay it on the ground, and water it if you have opportunity. 
When it has thus lain on the grafs three or four days, and is 
dry, take hold of each piece one after the other by the fel- 
vedge, and draw the cloth to you, Hill holding it in the moH 
even manner you can, until you get the further end, with the 
corners of which further end you tic the cloth very loofcly in 
the middle of the folds, and fo lay it in the bucking tub, with 
the two felvedgea upwards^ 

Thus proceed till you have placed as much cloth in your 
tub as will cover the bottom 01 it, taking care not to pack 
the cloth fo clofebut that your ley may penetrate every part 
equally. When you have laid the firft range of cloth in your 
tub, pour upon it as much milk-warm ley as will fufHciently 
foak through all parts of your cloth. Then lay another range 
in the fame manner upon the firft, and pour on more ley till 
that be foaked as the other was, and continue fo to do till 
your bucking tub be full of cloth. 

That done, you mull begin to buck for twelve hours to- 
gether, the remainder of your ley having been put in the 
pan w'fth a flow tire underneath. For tlie firft five hours the 
ley ibould not be of a boiling heat ; you muft from time to 
time allow f«me of the ley to run out of the pan upon the 
cloth in the bucking tub ; then tncreafe your nre gradually 
and flowly, fo as in four hours more to bri^ it to a boif,. 
continuing to put on the ley, and draw it oft your cloth iu 
fmall qimntittet at a time. , When your ley begins to boil, 
you xnuft let it boil on for three hours, curing the whole 
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time pumping your ley up to tVe bml.T from the refervoir, 
into which it runs from the cloth| and returning it boiling 
hot upon the cloth, fo that the hot ley may aA powerful^ 
and equally upon cveiy part thereof. 

After eacli bucking your cloth mull be laid upon the 
grals in the hlcach-ficld for fome days. I'he bucking, and 
expofure on the ground, mufl be repeated about ten times 
Ijucceffively, according to the nature of your cloth ; it (liould 
then be dried up, foured, and wailicd well in clean water ; 
if the water is rather warm, the better. 

Your two firll buckings ought to be from a flro.ig cauflic 
ley of pot-athes ; but afterwatds you (hould abait of that 
ftrength, lell it fliould injure your cloth. Mild Ic y, or pearl- 
afh, (hould be iifcd foi the latter buckings, as the cloth 
becomes nearer white. 

This was the management during tlic fumnicr months ; 
but for four months in winter bleaching was fulpended, the 
operations being periodically interrupted, and the capital of 
the manufadlurers or proprietors of the goods locked up. 
Even during the bleaching months, their property was long 
in preparing for falej as cotton goods, which required from 
four to fix applications or n petitions of alkaline leys, con- 
fumed fo naany .wcejts iu bleaching, whild linens, wliich 
could not be bleached by leCs than fi-gni twelve to twenty 
applications, could not be broiiglit in a marketable (late to 
the proprietor hardly in hx qiouths. 

Such was the (late of hlcacliing till Mr. Scheclc, a Swede 
and eminent chemift, difeovered the properties of oxygenated 
muriatic acid, procured by mixing manganefe »*itn marine 
;acid, in rendering vegetable matter white ; and M. Berth- 
ollct, the celebrated French chemift, improved this operation, 
and adlually applied its powers in bleaching cotton goods by 
iuterpofing its action between the different alkaline opera* 
fions inilead of the tedious expofure of the goods to an un* 
certain atmofphere; the fame cfFedt being produced by inv» 
mcriion of the cloth in this acid, as by laying ,the goods 
upon the grafs in the bleach*held, expqfed to ipr and 
light. 

Uifeovery of and Variations in the Mode of pro€Ur^g tht 
Oxygenated Muriatic Acid» 

By the addition of vitriolic acid to common fait, an elaf- 
tic aeriform fluid, .or muriatic gas, is difeni^god, from 
which with water a marine acid is produced. The mineral 
fnbftance manganefe, or what the modern chemifU qall oxyd 
of manganefe, contains what was formerly denominated 
vital air, pure air, or dephlogiflicated air, out now named 
oxygen. Manganefe yields oxygen, when marine acid is 
added to it, and fubmitted to ddtillation ; tlie liquor pro- 
duced by the coritad of this o^cygeu with water, is the oxy- 
genated marine or muriatic acid difeovered by Mr. Scheele, 
>beut the year 1774* when he obferved and applied its cf- 
.fe^is in rendering cdlourlcfs vegetable fubllanccs of various 
..kinds, more as a matter of .curiofity than ufe. 

M. Berthollct, in the year 1786, improved theprocefsof 
its preparation, applied its powder to bleaching or deftroying 
the vegetable colours natural to cloth, the refult of wmich 
experiments he gave to the world in the year 1789 5 but, 
without derogating from the merit of this excellent che* 
mill, it is Juflice to (late, that, previous to any publica- 
tion by M. BerthoDct, Mr. Scheele commuuicated to 
M. Kirwan the praperties of the dephlogiflicated marine 
acid in whitening vegetable fubflances, and Mr, Kirwan, 
then refiding in Newroan-ftrect, London, fuggefted to Mr. 
C. Taylor, the prefent fecretary to the Society of Arts, &c. 
the probability of its ufe in bleaching \ and a whole piece of 
aallico, in the date received from theloom, was, in the fpring 
M 1788, aftoally bleached whitej printed in permanent co» 


lours, and produced in the Mauchefler marktit ready for fale, 
having uudergouc all thefe operations in Icfs than 4S hours, 
by the joint efforts of Mr, Cooper, Mr. Baker, and Mr. 
'laylor, which is perhaps the (iril entire piece, either in 
France or England, that fully afccrlained the real merits of 
the new mode of bleaching, and a ceitainty that it might be 
generally ufeful in commerce. Thio cxpciiincut was imme- 
diately followed hy the eftablifluncnt of a large bleaching 
cojjccrn by Mr, Cooper, Mr, Bikoi, and Mr. Ilorridge, at 
Raikes, near Bolton, in J^ancafliire, and before any confi. 
deiKblc bleaching work was adiially at work in France, 

The ingenious Mr. Wait we believe to be the firfl perfon 
who fimpliiicd the pvocc f^i of preparing the oxygenated mu- 
riatic acid, by means of a mixture of common (alt and mar. 
giinefe, previous to the addition of tlie vitriolic acid. Soon 
afterwards the operations of the )>leachcr were farther facili- 
tated by the fiibililution of large and commodious (lills of 
lead, inflcad of glafs voffcls, and both thefe improvements 
have (iuce been in gciieral ufe. 

Wc (hall now proceed to mark the various treatment of 
the oxygenated muriatic acid whcii obtained, and the dif- 
ferent means whicli liavc been adoptv‘d to fit it for applica. 
tion in bleaching. 

Jl having been found in the earlier flages of diftillation, 
that common marine acul was pjoJiic<‘d ^mdead of the de- 
phlogillicatcd or owgenated muriatic acid; and from the 
violence of the ebullition, that manganefe itfclf w'as fouie- 
times thrown over from the Hill, M. Berthollct had recouvfe 
to an intermediate vefhd, containing w'atcr, to abforb the 
marine acid gas, and (lop other impurities which might 
contaminate the oxygenated muriatic gas in its partage 
through this vefl'el to the receiver. 

It will here be nccefT.iry to difcriminale the various modes 
in which the oxygenated muriatic gas has been treated, after 
palling the intermediate vellel la(l mentioned. 

Ml. Scheele feems generally to have operated with the acid 
in the (late of gas ; but M. Berthollct (ought to condenfe rt 
in water, with winch he filled his receiver, or wooden vcflcl, 
and which water he kept agitated during the dilUllation, to 
accelerate the folution or combination or the gas. 

The oxy'gcnated muriatic acid, thus prepared, was drawn 
from the receiver into kiers, or large wooden vc(rels, where 
its ftrength was regulated by the addition of water ; after 
w'hich, the goods to be bleached were immerfed therein 
from (ix to twelve hours, but moll frequently during the 
night ; and though thefe periods may feem (hort, they were 
fumcient to allow the clotli to become more white than 
could be done by as many days* expofure to the atmofphere 
and a fuinmer’s fun, and were then ready for a fi*cfli appli- 
cation of the alkaline leys. 

Such was the bleaching liquor of M. IVrthollet ; but it 
wa* found in pra^ice yet defective, as the volatility of the 
gas occafioned its fpcedy feparation from the aqueous folu- 
tion ; a decompofition even by light alone in glafs veffcls 
took place \ a rapid lofs in the ftrangth of the liquor when 
expofed ; and much danger to the health of the w'orkmeo 
from its fuffocating quality \ at the fame time, that in ex- 
trading the natural colours of the cloth, it alfo tended to 
dlfcharge the colours dyed in the yarn, and were along wi^ 
the gra]|r cotton an imperfedion which precluded its ufe m 
an infinite variety of Briti(h manufadures. 

Similar circumftances probably led fome bleachers refident 
at JaveUe, in France, to add a folution of caullic alkali to 
the water in the receiver, and by this means "to remedy many 
of the defifds complained of. 

But M. Berthollet continued to recommend hts procefs, 
confidciing fuah fnbftance as impairuig the bleaching powers ; 
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An idea tliat was generally maintained by the chemiftfi^ but 
contradidcd by the bleachers, whofe experience taught them, 
that though the acid thus combined whitened with fome* 
what lefs rapidity, yet it was not eventually in an inferior 
extent ; and the advantages of preferving the colours dyed in 
the yam, compelled them to have recourfe to the expenfive 
addition of pot-afhes, in preference to M. BcrthoUel’s 
mode. 

Here we /hall obferve, that, according to the doflrine of 
the modern chemifls, the oxygenated miuialic acid bleaches 
in confequence of yielding to the colouring matter of the 
cloth that oxygen which, in the diftillation, the acid ab- 
forbed from the manganefe ; or, in the language of Stahl 
and Becher, that the dephlogi/licated marine acid abforbed 
the colouring matter from the cloth, and was reilored to its 
original ftate of common marine acid, by regaining that 
phlogiflon which it had, in its preparation, yielded to the 
mnnganefe. 

In the mixture of an alkali with the acid, we have noticed 
that the bad confcqucnces arifing from its volatility have 
been correfted, and the requifite prote 61 ion afforded to dyed 
colours, yet dill that its power of whitening cloth was not 
diminiflicd, nor much more time taken up by the operation ; 
yet, in part from deference to M. Berthollet’s opinion, and 
in part owing to the expcncc of the alkali, other njcans to 
produce the effed were attempted. 

One of the firft of thefc, pra£lifed by -the bleachers of 
cotton-hofc, at Nottingham, was to receive the dephlogifti- 
cated muriatic gns into a fmull air-tight chamber, in the 
upper part of which the goods were fufpeuded from a 
frame, whilft at fome diftance below w'as water, fometimes 
impregnated with ley of pot-a/li, and fomctimcs with lime- 
water, or water mixed with lime. The gas was introduced 
betwixt the fluid and the goods, amongft which it afeended 
And mixed ; at the fame tim^*, by occnfiovially immcrfiiig 
the goods in the fluid below, it was fought to modify the 
action of the acid. This was cflVfled by means of a pole, 
or long lever, connefted with the frame on which the goods 
were fifpended, the centre of which pole moved on a I wivtl 
fixed in a hoL in the partition, occaiionally Itopped witli 
clay, and nabicd a perfon to let the goods down into the 
fluid, not always however without incoiive!iicr.cc, which oc- 
jAafioned it the name of the Bedlam Frocefi, 

Refpefting the above procefs it mull be obferved, tliat 
the acid is much more powerful or adivc in the Hate of gas 
than in any other way ; and lh<5ugh the occafiona! immerlion 
of the goods into the fluid bdow, coric^od in fomc degree 
its violent effefts, yet the dyed colours difappeareil more 
rapidly in this than in any other procefs, and the fabnc 
itfclf was fometimes injured. 

The next procefs attempted by the bleachers, was to put 
into the receiver, filled with walci*, a quantity of pulvcri/.cd 
lime, then the goods thcmfelves, and the whole agitated 
during the admiffiou of the gas 5 the confequence of which 
was, that the goods thus mixed with lime were partially 
coated with it ; and this coating being unequal, the aftion 
of the acid upon it was irregular, leaving at the fame time 
the parts uncoated to receive the whole adion of the bleach- 
ing powers ; hence inequality of bkaching tnfued, and an 
infunwounUblc difficulty in preferving the dyed colours 
of the goods to be bleacned. 

Having noticed the imperfedions of thetwo Jallproceffcs, 
wc (hall obferve that lime-water, or a pure chemical folution 
of lime in water, has been Tometimes lubflituted inflead of a 
folution of alkalies in the receiver, but was not, when ufed 
in that juanner, found to anfvrer lb well as the alkaline fo- 
liitioh* 


Tliat lime-water could produce no valuable cffcA beyouJ 
what was derived from M. Berthollct’s mode, or from fim- 
ple water, mull be evident, when it is confidered that water 
can diffolve no more than part of its W'cight of lime, 

a quantity wholly infignificant in ncutmlizing the oxygenated 
muriatic acid for the purpofe of the bleacher; nor could put 
verized lime, merely thrown into the water of the receiver, 
ferve a better purpofe, fince, from its being fpecitically 
heavier than the water, all beyond the quantity in chcmicjl 
folution fubfided and remained nearly ulclcfs at the bottom 
of the receiver. 

It has been already mentioned, in noticing the applicatioi^ 
of alkaline leys in bleaching, that the more intclligeut 
bleachers, in preparing their a/h-lcys, ina.^e life of quicklime 
to augment the power cf the alkali, wiien Aich alkali was irt 
a mild ftate, or, in other words, combined with fixed 
air, or, as it is now termed, carbonic acid ; the at- 
tradion of caullic lime for the carbonic acid being Itrongcr 
than that of allies. Hence, on caullic lime being thrown 
into mild alli-ley, the carbonic acid, by wdiich the allies 
were rendered mild, abandons the alkali to combine with 
the lime, leaving the aHics in their caullic A ate. 

But, although the attradion of caibonic acid is ftrongcr 
for lime than for alkali, the contrary is the cafe with the oxy- 
genated muriatic acid, as it abandons lime to combine with 
aAies, leaving the lime to precipitate. 

This obfervation is made in order to guard the ignorant 
bleacher from mt Hakes, who, from liaving mixed lime with 
his alh-ley in the receiver, in the preparation of the oxygen- 
ated marine acid, may fuppofe it ads in a fimilar manner ; 
but not a particle of lime is aded upon by the acid, whilft 
allies remain to combine with it ; the only effed of the lime 
tliere, being to abftrad from the aAics any fixed air they may 
contain, and fo difpofc the alkali to abforb more of the oxy- 
genated muriatic acid. 

Befides the proceffes above mentioned, tlie bleachers at- 
tcnijitcd to unite the oxygenated muriatic acid with clay ; but 
as the clay has fcarccly any affinity with it, the liquor thus 
made was little, if at all, fuperior to that of M. Benhollct. 

Such were the attempts made from the year 1786; and 
the oxygenated muriatic acid combined with pot-aj’h was in 
general ufe by the bleacher until 1798, when Mr. Tennant, 
of Glafgovv, by n well-conduded ferics of experiments, formed 
what ma^ not improperly be called a new afra in bleaching. 

Mr. Tennant, having feen fo long a period elapfe without 
any material iiupro’.cment in bleaching, and the alkali, 
though an expenlive ingredient, legardcd by the bleacher as 
an indirpenfiblc article to unite with the oxygenated muria- 
tic acid in tl:e receiver, mnclc fotne trials with the. earths 
ftrontitefi and baiytes, and with fuccefs. Their folubility 
in water enabled iiim to combine them with a fufficitnt 
quantity of oxygerared niu.riatic acid to ferve the purpofe ; 
but the fcarcily of llroutites, and the difficulty of fc parating 
barytes from the vitriolic acid^ with which it is uftially found 
in combination, rendered thefc difeoveries rather objefls of 
curiolity than ufe. 

Mr. Tennant had previoufly made cxpcrimenti to combine 
the oxygenated muriatic acid with lime and lime-water, in 
the modes ahovr-mentioned, but found they wore not ade- 
quate to the purpofes intended ; the lime in general remain- 
ing at the bottom of the receiver uncombined with the gas, 
which was the neceffary confequence of the lime being fpeci- 
fically heavier than the watei^ and the ^8 much lighter ; 
the water, by its interpofition betwixt the two fnbibneet 
which ought to be combined, namely the oxygenated muri- 
atic gas and the Ume, preventing their onion. To bring 
the pidverixed lime into contaA wi^i the gas as quickly as 
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Jmtered the receiver, became then the objeA of his atten- 
tion ; and for this purpofe he found it was neceflary to keep 
the lime foatin;;, or diffufed through the fluid, which he 
fncctvded in accomplifliing by two different methods ; one 
cf which was by increafing the fnecific gravity of the water 
in the receiver, by the addition of common fait, and thus re- 
tarding the lime from fubflding ; the other mode was by 
conftant agitation of the lime in tiie water in the receiver, to 
keep the hmc diffufed through the fluid, during the time the 
oxygenated muriatic gas was introduced ; and by this means 
lie fuccccdcd in uniting and retaining a much greater quan- 
tity of gas with the mixture, than by any method heretofore 
ufed, and without the addition of any allies or alkaline fub- 
fiances. 

A very material advantage was gained by this difeovery ; 
namely, that it uniformly aflbrded fecurlty to the dyed co- 
bjiirs in a fuperior degree to tlie alkaline ley. 

It is v?eU known, that in the alkali of commerce, fuch as 
pct-afti or j>earl-afli, a large and very irregular proportion 
of neutral talts is intermixed, wliich are fohible along with 
the alkali in water, thereby fo far contaminating the ley, 
that the bleacher is always uncertain win t quantity of pure 
and aftive alkali it contains. In bucking or b liling cotton 
goods, the detriment from thefe neutral fait.; is not fo great, 
as a repetition of the procefa mny compenfate for thofe ad- 
mixtures in the ley : but in the bleaching liquor formed by 
the mixture of the oxygenated muriatic gas with fuch ley, 
if there is a deficiency of alkali, the uncombined oxymuriatic 
acid immediately attacks the dyed colours of the goods, and 
difeharges them, and thus confiderable damage frequently 
occurs before the real origin of the evil is alcertained and 
corrc^lcd. The bleacher is kept in a conftant ftate of alarm 
refpcCling the quality of the allies he makes ufe of, befides 
the great coil of their purchafe. In ufing lime for the fame 
purpofe, the ex pence is a mere trifle ; what is not combined 
witli the oxymuriatic acid precipitates, after the agitation 
is over, leaving a pure liquor tree from all tincoihbincd 
acid. 

Simple as the combination of the lime with the aiygen- 
ated muriatic acid may now appear, yet it was a loiw time 
attempted in vain; but this, perhaps, will not be iiich a 
matter of furprize, when we refle£l that the French chemifts, 
whofe opinions were regarded generally as law by the com- 
mon bleachers, and whofe treatifes on the fubjeft of bleach- 
ing were almoft the only accounts publifhed, confidered 
lime as no farther ufeful in bleaching, than in abforbing the 
carbonic acid or fixed air ufually combined with alkalies or 
aftics ; and thus rendering the alkaline ley more difpofed to 
unite with the oxygenated muriatic gas, when expofed to 
its contact in the receiver, to form, as it is called, the liquor 
dc Javelle ; or when intended for ufe as a mere alkaline ley, 
to render its aftion more powerful on the oily particles in 
the vegetable fibre, on a fimiiar principle to the formation of 
foap. 

An excellent treatlfe on the fubjeft of bleaching, in the 
Englilh language, viz. The Report on Experiments made 
by order of the right honourable the truftees of the liricn 
and hempen mar.iifadurcs to afeettain the comparative me- 
rits of fpecimens of oxygenated muriatic bleaching liquids/* 
publilhed at Dublin in the year 1791, in claim ot a bounty 
offered by the truftees, appears to convey no further know- 
ledge of the life of lime in bleaching at that time than in 
promoting the feparation of the carbonic acid from the leys, 
whether they were afterwards to be ufed alone, or in the 
preparation of the oxygenated muriatic acid. Mr. Rofe^a 
experiments in this report contain, however, much ufeful 
infWiatioh, which we ihall further notice. 


The fimplicity of Mr. Tennant^s invention of retaining a 
greater quantity of the oxygenated muriatic gas, by agita- 
tion of a fufficiency of lime in the water of the receiver, 
fhould be no derogation to its real merit. In fubftituting 
lime for pot-afh, an article, not only of foreign produce, but 
expcnfive, he has benefited this country, to an extent almoll 
beyond collection; it having been luoved upon oath, that 
by the ufe of Mr. Tennant’s proceis, the confumption of 
aftics at a fiiigle blcacliing-green has been reduced three thou* 
fand pounds fterling in value in one year. A patent for Mr. 
Tennant's invention was granted him in the year 1798 ; but 
as frequently happens in patent caufes, on a lute trial of its 
validity, fome circumftances arofe from which the jury 
thought themfclves juftified in revcrling the patent ; we 
have tlierefore with confiderable pains collcded for the 
public benefit an account of his procefs, and the moil ap^ 
proved mode of putting it in prjftice, either on a fmall or 
an extenfive fcale, as will he feen by a reference to P/aie I. 
of Bleaching hereafter deferibed, 

Mr. Tennant's method of ufing calcareous earth for neu- 
tralizing the muriatic acid gas, and forming the oxy*muriat 
of lime employed in bleaching is as follows ; viz. — In a re- 
ceiver capable of containing one hundred and forty gallons 
wine mcafure, diffolvc thirty pounds of common fait, which 
appear ufeful only in giving an additional degree of fpecific 
gravity to the water, and by that means making it eaiier to 
keep the lime to be afterwards added, in fufpenfion ; when 
this fait is diffolved, add fixty pounds of finely powdered 
quicklime, and into the retort of the apparatus put thirty 
pounds of powdered manganefe, mixed up with thirty pounds 
of common fait, upon which pour thirty pounds of ful- 
plmric acid (oil of vitriol), pi*cvioufly diluted with its bulk 
of water, and thcufual precaution of luting the vcffcl being 
taken, proceed to diftillution. When the gas begins to ap- 
pear, the agitation of the lime and water in the receiver 
mu ft commence, which fhould be continued by means of a 
wooden paddle or rake, or fimiiar contrivance, without in- 
tcrmiflxon, until the materials in tlie retort, after heat being 
employed as ufual, will not yield any more oxygenated mu- 
riatic acid gas. Then the whole mould be allowed to re- 
main at reft for two or three hours,' when the clear liquor 
in the receiver, may be drawn off for ufe, and mixed with 
water in fuch proportions as may be found neceffary, previous 
to the immerfion of the goods to be bleached. 

The principal point 01 attention in preparing this oxygen- 
ated muriat of lime is, to obtain a complete diffufion 01 the 
lime through the mixture, ora mechanical fufpenfion of it in 
the water during the operation, fo that every particle of the 
lime may, by agitation, be expofed to the a&ion of the gas, 
inftead of merely its upper lurface, as had been formerly 
pra^lifcd. By the preient means, the oxygenated muriatic 
acid ^as is abforbed with eafe, and meets with a fufEcient 
quantity of lime to produce a ftrong folution of oxygenated 
muriat of lime, without any uncombined oxygenated muria- 
tic acid ) a thing which could not be otherwile effedled. The 
addition of the common fait in the receiver may even be 
omitted, without prejudice, if the agitation of the lime be 
well managed. 

Plate 1 ./^* 2 . of Bleaching^ (hews a longitudinal fe£lion 
of a method, which has been praclifed in Irdand for difl^illa* 
tion of the oxygenated muriatic acid, and the formation of 
the oxygenated muriat of lime, e, the afti-hole ; bp the fire 
under the iron pot or veflel $ r, the apeiture through which 
it is fuppHed with coals ; Jp the entrance to the aih-hole, 
which may be provided with a ftopper of burnt clay, or 
earthen ware, to regulate the draught of the fire, by means 
of the handle (hewn by dotted lines: a caft-iron pot or 
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tffTel, tteirly filled with water, in which the leaden retort is 
placed ; ff a tripod of iron, on which the retort flands | gg^ 
the leaden rttoit, from which the gas^is to be diftilled ; J, a 
tunnel of bent lead, through which the oil of vitriol (ful- 
phinu acidl it» to bc'introduccd into the retort ; f, a leaden 
cover, littcJ and luted to the neck of the retort, having three 
apertures, vtz. for the introdudiion of the tunnel, ttic rod 
of the agitalvyr, and the tube of the condenfer ; i, the agi- 
tutor, formed of a rod of ircAi coated with lead, having 
f .me arms at its lower end to ilir the materials withiti the 
retort. At the part where the rod paffes through the cover, 
a leaden collar or cap is foldered, to prevent the agitator 
from defeending too low ; thefe two parts arc made in a co- 
nical form, to ut exadly, and thus prevent the efcape of the 
gas ; /, a leaden tube or pipe, of three inches bore, to con- 
duct the gas into the tubulated refervoir ; w, the leaden rc- 
fVivoir, formed upon the principle of Wolfe's apparatus; 
the tube, /, dtfeends by the firil aperture, w, to the bottom 
of the rcftr\oir, uhich is about two thirds full of water. 
Tlic fmall po-llon of l*u!p»iuric acid, which rifes in dift il- 
lation, unites with this water ; the oxygenated muriatic acid, 
whicJi travtrfcs this water, pafl'tb by the pipe, «, into 
the receiver or coiulenfcr, which ib a w*ooden vcfTel, in 
the inidft of which is placed an agitator, the arms of 
which raking up the lime caufe it to combine >ivitli the gas, 
in proportion as it arifes in bubbles from the lower extremity 
of the leaden pipe, n. 

The projeAioiis of wood, qqqq^ fixed l<» the (laves within 
the tub, counlcraft the rotatory motion of the arms of the 
agitator, and thus alliil tlu* combination of the gas with the 
lime and water. The cover of this tub is fixed clofe upon 
the edge of it at r; the cover having a groove in it to unite 
them tighter together ; V, a cock to draw' off the liquor, 
w’hen fufficiently impregualed for ufc ; /, a w’ooden handle 
to give motion to the agitator. The joints may be luted 
with clay, to prevent the efcape of the gas. 

Fig, 3, and 4, (hew Mr. IVnnant's improved machinery for 
preparing the oxy-miiriat of lime. The outline. A, (Jig, 3.) 
is the ftill, made of lead, of a circular form, Iiaving a 
double flange at the top, wdiich is filled with wattr,.to 
prevent the gas from cfcaping in that dircilion. B, the 
leaden cover of the flill, having a flange on the under fide, 
w'hich goes into the double flange of the ftill, and having a 
dou )e flange on the upper fide, w'hich is filled willi water; 
the inner pait of this double flange confifts of a fliort tulie, 
which goc? quite through the cover, opening by this mcanc 
a communication with t*ie till], and allowing the gas to elVape 
tlirough ti'.e U/'.g leaden pipe iul’cited into it, and from 
thence into the receiver, as cxpbi.icd at ^.4, where there 
is a clion of the hill, fu-naec, and receiver ; «/, the ftill ; 

;in i.vn pan in w’hich the ilill is placed on an iron (land; 
this pan :s then nearly fili'.d with water ; r, the fire-place ; ^/, 
the fu.rnaec door; r, tl'.e ntn-hole ; f, doable flange filled 
with water ; the cover, with flanges cn the upper fide 
filled w':h w'atcr. D, the receiver, made of wood, and lined 
with lead ; /, a double fl..ngc witn w'atcr, the interior 
pipe communicating with the infide of the receiver, and 
bent horizontally as at/, from w r.^nce the gas iilues into 
the receiver ; /, /, two (hprt p’pts ujftricd in the top of the 
receiver, through which the rods or the agitators have a 
fKf moti.n; a lloppcr in the top of at receiver, 

cbfed when the rcceiv;;:- work, but fuffiri-nlly large, 
if removed, to admit a perfon into the iufide to repair or 
cleanfe it, w’hcn necelTar)- ; », tw’O paddles, or agitators, 

generally of a fquarc form, and of a firnilar conftruaion to 
the hcaa of a churn ftaff ; 0, 0, the rods t»f the agitators 
attached by iron pins to the lever, q, whicli lever has flits at 


the pisac of junflion, to allow the rods to rife and fall per- 
pendicularly ; Pf the fulcrum or fupport of the lever; 
the lever, which, by a proper motion communicated to ir, 
alternately raifes and deprefles the agitators in the receiver ; 
r, a rod connedling the lever y, witn the lever f, whl' h lafi 
lever is put in motion by the wheel E ; a buintice wti,fj'\ 
placed at the other end of the lever ; the brain fuppon/ng 
the fulcrum of the lever being near fhe letter j. E, the 
whvel to be put in motion by water, or in any other way, 
having a crank, u, communicating by an upright (haft wdlh 
the lever /. 

It will be found that the fiM igca. fdltd wdth water, pre- 
clude the neceflity of the :i]>plicr:ti.>n of a\iy lute, and occa- 
fion the operation to be condiu^tul in :* cleaner, cbcapei^ 
and more cxpcdiliou^i mode, than t(4TTscrly employed. 

To defenbe the proportions of tlie fi veral ariiclts ufed ift 
the proerfs of bleaching, w-' ild c;iny us fur bcyoiid the 
bounds which can be alloUtil in the present publicncioii ; w'c 
(hall, therefore, give the following fhoit but clear account of 
the mode we recommend to be ])ra6tifcd, to ]>rocurc the moft 
perfed and durable white on cotton goods, after their being 
taken from the weaver; which is, firft, to w'el them thoroughly 
in cold water ; then to allow them to lleep in cold, or luke- 
warm water, from 12 to hours, acconling as they arc of 
a ftrong or thin fabric ; then to wafli them well in clean 
cold w’atcr ; afterwards to buck or boil them in a canftic 
alkaline Icy ; then to waih the goods Wvli in cl. an water, 
and afterwards immerfc tliem in dilutid oxymuriatc of lime, 
and walh them, repeating the operations of the alkaline leys, 
and the oxy muriate of lime, till the goods are perfedly 
white ; then to pafs the goods through the diluted lulphuiii 
acid liquor, wafhing them well afterwards ; lallly, to pafs 
them through a weak ley of pcari-afhes, or of foap, and again 
through clean water, befurt diynig and finifaing them ; 
which tinifhing of the goods confills in ftarehing, blueing, 
rolling, or caliendering them as fafhion direds, or the parti- 
cular market for which they are intended, may require. 

It is to be remarked, that the iminerfion of the goods in 
the vitriolic fours, and alfo in pcari-alh, or foap liquor, is 
nccefiary at the end of the procefs, to prevent a brown hue 
which the cloths that are bleached wdiite from the oxyge- 
nated muriatic acid, without fuch precaution, are apt to 
revert to. 

By expeiiments made at Rouen on cotton thread, wdth a 
view' to afccr'ain whether the old or new mode of bleaching 
W'as more l.' the I'abn^, it was proved that the 

cotton thread bleached in the new nu'-dc bore, without bi cak- 
ing, coiifiderably n ere weight ibrm that bleached i:» the old 
method, and wi s b T; injured i»i texture. 

lu the report cm c\}>criaicnls, m ide by order of the tinf- 
teea of the Ir'en and ficmpcn maaufadurcs ;<t Dublin, in tin* 

) car j ; y I , w ir li a \ic\v lo atcci tain the comparative merits of 
fever::! Ipccimens of bleachin.j liquids feut for their exam! 
liaiioii, i‘‘t follow: g mode of bleaching appeartd to be the 
bed for linens, and though cxeciUcd oti a Imall fcalc, vhi 
convey i!tc princip il nccefl'ary intorniati m, 

M:»y iJih, I7>ii. 'I'iic hiicn was Het ped, in the ftin, «>. 
ccivid from the 1 om, into water of a luui lulncieut to b- .ir 
the iu,:Kh ?Jid l-'ft in th.* , 

Muy iMh. Tpi bnen was '.va!hcd out of the liquor* ”i 
which a rtciiy ft* mentation was obfervtd to h 

taken rl?e. . 

Nf.^y » M'ldhed naV.i'jg a mothcr-lcy, which 
mrJe u) t’ e follow ng 11 af.ror; tb.x'c pounds and a halt ol 
!*mc Were flwiht J, and miAcd with t-i! gallcrsof water; frir.'. 
teen p ni idr of Dint/ 0 '.ci.hpifli were diiihlvcd lu (omr of. 
tniiwatei ; tlim in-xc^l * ic whole; whet: it had fettled, .1 
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was Altered through a coarfe clothy and the re/iduum waflied 
repeatedly ill four gallons of water, to obtain the whole 
Itrength of the alkali ; the w'hole fourteen gallons being 
then carefully niiKed, the ley proved, by very accurate 
weighing, to contain twelve ounces of caiiftic alkaline fait to 
the gallon. From tliis, a ley was made from the work, by 
adding iix parts of water to one of the mother ley ; thus 
each gallon of the working ley conTaiued one ounce, five 
drachms, and forty-three grains of cauftic alkali* 

The boiler being charged with this ley, the linen, wKich 
had been fpittle wafhed, was lleeped in it cold for one hour; 
then brouglil up by a very gentle lu at to a fimmering boil, 
w'hich was continued for tlirec lioiirs ; the cloth was then 
well wadicd out, and left in Itcep for thta night. 

May l8th. Wathed out the above huen in fre fit water ; 
hung it on cards in the open air, watering it fcveral tinie.^ 
in the day. 

May lyth. Finding the cloth not fo well cleared 
could be wilhed, the boiler was again charged with one of 
mother-ley, to four of water, which made the llrcugth two 
ounces, three drachms, twelve grains of cauftic alkali to the 
gallon. In this was boiled another piece of linen which hud 
been fpittle walhed as the otlicrsf and after it was boiled, 
it was well waflicd out. 

May 2oth. Steeped the whole of the linens fur fix hours 
in the lujuid prepared with the oxymuriatic acid of tlie feve* 
ral claiiitants ; afterwards walked them well out, and left 
them lleeping in cold water all night. 

May 21 ft. Waflied out all the above linens, and when 
dry, boiled the w'hole parcel as before in one of tlie mother- 
leys, to five of water, containing two ounces of cauftic 
alkali. '.e fait to the gallon ; waflied them wtII out of the ley, 
and left them to fteej) in pure w'ater till Monday morning, 
tlie 23d inftant. 

May 24th. Steeped the linens for the fecond time in the 
oxygenated muriatic acid for lix liours ; then waflied them 
out, and left them to tteep all night in cold winter. 

May 2 5tli. Having charged the copper with a ley made 
from one of mother-ley, to fix of water, coutainfeg one 
ounce, five drachms, and forty-three grains of cauftic alka- 
line fait to the gallon, the linens w'ere boiled in this for the 
tliird time, with a very gentle fimmering heat fot three 
liours ; tliey were then waflied out, and left to fteep. 

May 271I1. Steeped all the linens for the third time fix 
hours in oxygenated muriatic acid as before ; ivalhed them 
out, and left them in water all night. 

May zStli. Iiiimcrfcd all the linens which had been 
ftoeped yellerday in the oxygenated muriatic acid, in a w’^eak 
vitriolic acid for four hours ; then waflied them out, and 
left them ftceping in cold w'ater, 

Mav 29th. Walhedand dried the linen cloth which had 
been foured ycllcrday, 

June ift. Boiled all the linen which had been Toured in a 
ftrong lather of foap. 

June 2d. Soured and waflied out all the linen which had 
been boiled in a foap lather yellcrday. This operation 
iiniflied that experiment, in udiich the above linens w'crc firft 
fteeped in water ; then boiled in cauftic alkaline ley, and 
fteepeJ in oxygenated muriatic acid alternately four times } 
then foured in vitriolic acid, foaped and foured again. 

The above experiments were made, with various others, 
by Mr. John Arbuthnot, and Mr. John Clarke ; and on tlw 
trials of the different fpecimens of the oxygenated muriatic 
acid, the preference was given to that prepared by Mr. 
Robert Roe, of Bing’s End, on the principle of the javelle 
liquor mentioned by Mr. Bartholles, by adding a folution 
of alkali in water in the jrecei\cr. Mr* Roc's beft prepara- 


tion, of which was made by adding thirty-eight pounds of 
quicklime to 1141b. of pearl-afli, which made a cauftic ley 
of about nine jioiinds weight per gallon ; he found cauflic 
]vy more iufccptihle of imbibing the gas and retaining it, 
than mild ley of equal ftrength. 

From the different experiments made to bleach various 
articles al tlie above time, the follow ing inferences may be 
deduced, \iz. that allowing cotton or linen, w’lien raw from 
the loom, to ft rinent, by fleeping in warm W'ater a confl- 
derabic time before boiling the cloth in an alkaline ley, is 
of confideiable kivice. 

'riial cloth ot yarn is not injured by lleeping for fix hours 
togeilier in ox\j;iMiatcd muriatic acid. 

'I'li.il Ihong alkaline leys unf A cr hotter than wtak ones 
at the coinmencciiient of iifing the levs, 

'riiat tlic white colour of bleached cloth can be bettvi 
judged of wot than when dry. 

That very minute attention in excluding light and air ia 
not ahfolutely neceffary in bleaching with oxygenated niu- 
riattc acid. 

That purging or cleaving yarn or cloth in an alkaline Icy, 
previous to lleeping in oxygenated muriatic acid, is ablo- 
Intcly neceffary. 

'riiat the bleaching li(|uid5 made fiom oxygenated nin- 
liaticucid, in which alkaline fall is blended in the compoll- 
tion, require the cloth to be Irequcntly fteeped in vitriolic 
aeid ; and that the oxygenated niiniatic acid made wdth 
water only, make more frequent boilings of the cloth in al- 
kaline leys neceffaiy. 

That the lofs of the cloth in weight, wdieii bleached by 
the new method, is only one fourtli, but by the old method 
one third. 

That ftceping in warm w’ater is infinitely better to extraft 
the fowen and dirt from the raw' cloths, than boiling them 
Vr'ith foaj) or Icy immediately as they come from the loom.. 

I'lic liquors of the oxygenated muriatic acid, and alfo 
tliofe made from the vitriolic acid, may be repealedlv ufed 
without detriment, till the wdiole ftrength is exhaufted. 

The cloth or linen, in the acid bleaching liquors, fliould 
be moved in the liquor every hour, that every part may be 
equally cleared. 

It is difficult to afcertaiii the ftrength of the leys proper 
for life in lileaehing cotton or linen, as the alkalies or allies 
differ fo greatly in purity, and tlic admixture generally 
found in them of neutral falts prevents the hydrometer 
from being a regular tell. I'lic common allowance for 
bleaching linens in Ireland, is ftated by Mr. Higgins, in his 
ingenious memoir in the Traufuelions of the Dublin Society, 
to be for fixty gallons of water, fix pounds of bai’illa, or 
four pounds of pot-alh at tlie Icaft, and inoft bleachers nfe 
more than this. 

To difeover adulterated pot-afli, Mr. Higgins recommends 
the follow'iiig nieihod. The fpecimen of alhes being firft 
w'eighed, is digelled for a few minutes on a fand-bath, in 
tw'ice its weight of water, in a heat of about 2 1 2 degrees, 
and inftaiitly Tlirred. It is then removed from the fand- 
bath, and before it is cooled to tlie temperature of the at* 
mofphcre, it mull be filtered through paper. When all the 
liquor has paffed through the filter, a fmall quantity of cold 
w^ater is gradually poured upon the faline reliduum or the 
filter, in order to wafli through the whole of the alkali. 
The iindiffolved liilt fulphate of pot-afli (vitriolated tartar,) 
remaining on the filter, is afterwards dried and weighed, to 
afeertain the quantity. 

To determine whether any common fait is fufpended in 
the liquor which has been filtered, evaporate the clear folu- 
tion a little on a fand>batb, and fet it in a cold place for 24 



186 

lonrs; at the cn<l oF which time, any common fall it 
contains will be fouud cryft.iUizcd in r.^gular cubes at the 
bottom of the vcfl'cl ; pour off the clear liquori and repeat 
the proeef:’, till no more cubic cryilals arc produced. If it 
is defirtd to be very accurate in the analyfis, before the com- 
mon fait (muriate of foda) thus p -ociired is weighed, fome 
inuriutic acid may be poured upon it, in order to take up 
any of the pure pot-afli wliicli may have adhered during its 
crydallizalum. The imiriatic acid, witli fnth of the aliiali 
as it has dilFolved, may be then drained olT and thrown away, 
and the muriate of foda dried and weighed. 

The fum of the impurities beinn: thtii fubtrafted from the 
weight of the fpccimen, the quantity of the pure pot-alh is 
afcci tallied. 

'Fo flicw what quantity of mere alkali U contained in 
loolh. avoirdupois of fcveial different alkaline falts examined 
by Mr. Kirwan, we fliall add the following table, publifhid 
by him in the Irifh Traufa^^ionS) in 17^9- 

One hund.C'i Puuiids. M ncral Alkali. 

Crynalli/cd foda - yielded - 2olb8. 

Swei t Danila ... 24 

Mealy’s cunenmara kelp - - .5*4.?7 

Do. dcfulphiirati d by fixed air - - 4*457 

Straugford kelp • - - 1.25 

One I'.iindicil ‘ - rnds. VcfcfaLlc Alkali. 

Dant'/ic pearl afil • yielded • 6j.3^1bs.- 

Clarke’s rehned afli - « - ^^*^75 

Cafliup - - 

Common raw Irifii wccd-afli • 1.606 

Do. /lightly calcined « • 4.666 

It is much to be regretted that, confidenng the immenfc 
quantities of pure marine alkali whicli could be procured at 
a cheap rate from the Eail Indies, that fo little attention 
iltould be paid by the Tail India company to an article 
whicli would be fo pri)(itfiblc a branch of commerce to them,, 
and prevent a confulcrable fum being paid to other nations. 
The mineral alkali piociirc J from the F.idl Indies, is much 
purer than wiiat is obtained from Barilla ; and a prepara- 
tion exLK^ly fimilar in appearance and quality to the Alicaut 
Barilla, may be made wiili great advantage to the mainilac- 
turer, from a mixture of the Ealt India mineral alkali with ilie 
common Scotch kelp, for the purpofes of the bleacher, the 
Ibap maker, or the Turkcy*red dyer. To fliewthe import- 
ance of this obje£I, the following table of the imports inta 
Great Britain are annexed for fexen years. 



Raiilla. 

Pat-Alhes. 

Pearl- A flies. 

1796 

S6.72.3 cwt- 

62.S29 cwt. 

45.290 cvn* 

*797 

51.105 

57.826 

3.6.674 

1798 

12J.990 

81.482 

60.691 

1799 

146. 163 

r 7.246 

51V792 

1800 

175.6^9 

1.3J.400 

45.161 

i8oi 

6;>m 10 

90-5^3 

54-83-5 

1802 

1/; 1.796 

48.054 

64.288 


When it is conlldcred that 20 pounds of the mineral alkali 
brought from li.iia in a powdery Hate, as it ufually is, will,, 
by mere hlution in water, yield loolbs. of the cryflallizcd 
foda Ibid in the fbops, it will be feen, that the purcliafc of 
tlic mineral alkali from the Kafi India company, will be an 
objeff well deferving the attention of the bleachers and foap- 
boilm ; and f;ir preferable to the ufe of Spaniili kelp or 
Barilla. 

Mr. Kirwan, by means of muriatic acid, precipitated the 
colouring matter from an alkaline Icy, faturated with the 
co!of!rmg matter of linen yam, and found it to po/Tcfs the 
followiiig properties. When fuffered to dry for fomc time 
ona filtCTi it afliuncd a dark green coIour| and fcltibmcwbat 
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clammy, like nioift clay. His obfervations in the Irifli 
Tranfa^Iious for 1789, are hs follow : 

“ I took, fays he, a fmall portion of it^and added to it tfo 
times its weight of boiling water, but not A particle of it was 
didblvcd. The renraii’der I dried in a fanddteat ; it tbi*n 
a/fumed a (Iiining black colour ; became more Lvitth, but 
internally remained of a greenilh yellow, and weighed one 
ounce ar.d a half.” 

By treating eight quarts more of the faturated ley in 
the fame manner, I obtained a further quantity of t!:c 
greenilh dcpolitjon which I made the following experiments: 

ill. Having digeiled a portion of it in reeiified ipirils of 
wine, it communicated to it a rcddilh hue, and w:is, in a 
great meafurc, diHolved ; but by the luTnlion of J' Hilled 
water, tiic folnlion became milky, and a wliitc dumfiL w.m 
gradually formed ; the black matter diHblved iii llie fame 
manner. 

2d. Neither the green nor the black matter was fohiMe in 
oil of turpentine or linfeed oil, by a long co itiniKd digellion. 

3d. 'i'he black matter being placed on a red hot iron, 
burned with a yellow flame atsd black fmoke, leaving a 
coaly ivriiluum. 

4th. I'lie green matter being put into the vitriolic, marine 
and nition^. acids, eommifnicated a brovvuifh tinge to the two 
former, and a giteniih to the latter, but did not *fccm at all 
diminiflicd. 

** Hence, it appears, that the matter cxtriiflcd by alkalies 
from linen yarn, is a peculiar foit of rcfin, dilfercnt from 
pure relins only bv its infolubility in efl’cntial oilr, and in 
this refpeft rt fetnbling lacs. I now proceeded to examine 
the powers of the different alkalies on this fnbllauce, eight 
grains (jf it being dii.;efled in a folutioii of cryllalli/al mi- 
neral alkali, faturated in the temperature of 0.'*^, inllanlly 
cornmuincatcd to the folution a dark brown colour; two 
meufurcs (each of which would contain ekveii )H*nn) weights 
of winter), did not entirely diflblve tliis fuldlauce. Two 
rieafurcs of the mild vegetable alkali dilfolved the wliole.” 

“One meafinc of c.niflic mineral alkali, whofc fpceific 
gravity was 1.05.:, diffolvcJ neatly tlic whole, Icaviag only 
a wliite relidiium.” 

“ One mcafiire c f ear»ilic vegrt.ddt' alkali, wliofe fpecific 
gravity was 1.03^, dilfolved the whole.” 

“ Onemeafure of liver of fulpliin, whofc fpecilic gravity 
was C.J70, dilfolved the whole.” 

On: mcafure of caullic volatile alkali dilfolved alfo a 
portion of this matter/' 

The colouring matter of cotton is much more folublc in 
alkali, than that of linen : hence the greater facility v.itk 
which cotton is bleached. 

Tiic theory of bleacLiiig vegetable matter, as we have 
before obfcMvcd to have been defcrlbed by Mr. Delaval, 
depends o\\ removing the colouring matters, whether natural 
or accidental, which cover their Iblid fibrous parts, which 
arc the ordy parts endued with a rtflebiivc power. 

Raw cotton or linen, boiled in a a diluted folution of 
cauftic alkali, gives to the liquor a deep brown colour, and 
dellwys its caufticity ; and trefii porliiuis of dear ley ap- 
plied a fecond or third time, will produce a fimilar effe6U 
but in an inferior degree. If the cotton or linen be now 
plunged into the oxy muriatic acid, and allowed to remain a 
fhort time, they will become white ; and if they arc then 
plunged into an alkaline ley, the liquor will again become 
Drown, and lofe its cauiiicicy. 

On fatumtiug either the firll or laH of the alkaline folu- 
lions with an acid, a fimilar precipitate is obtained from 
each, of a dark coloured matter; aimoft infulublc ift watci> 
but &luble in cauftic alkali* 
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Hence it appears, that after raw cotton or linen has been 
acted upon by alkalies for two or three times, they have no 
further efleA upon it, till the cloth comes in conlaci with 
oxygen or pure air, either by iintnerlion in the oxygenated 
muriatic acid, or by expofure to the atmofphere ; and it is 
on account of the fpeedy adion of the acid, in coinpanfou 
with that of the atmorphere, that the new mode of bleacli- 
iug is now generally adopted. 

M. Bertbollet, and the modern chcmiils fnpimfe, that the 
colouring matter of linen is compofed principally of raihon 
and hydrogen ; and they conclude, that linen, hh'ached by 
the oxymuriatic acid, becomes yellow on this principl e, that 
when the oxymuriatic acid renders linen wliite, a (piantity of 
oxygen has combined with the colouring particles; but that 
this oxygen gradually enters into a combination with the 
hydrogen, and forms water which paffes off ; that then the 
carbon becomes predominant, and the linen; in confequcnce, 
aflumes a yellow colour. 

The old chemifts, on the principles of Stahl, would hiy, 
that a part of the dcplilogillicated marine acid, (oxy mu- 
riatic acid,) after the cloth had been a£ted upon by the 
alkali, abforbed fuch phlogilHc colouring matter from the 
cloth, as the alkali had no aflinity for ; and thus became 
diluted common inarino acid, which has a great aliraClion 
to cotton or linen, and, if expofed to a moderate heat, will 
aft upon the texture of the cloth, and render it of a yellow 
colour. 

We notice this circumflance in two different points of 
view, that the bleacher may be aware of the neccfllty ofap- 
plying, in either cafe, a weak ley of pcarl-afli, ultiutiitcly 
after the ufe of the muriatic acid, to prevent this ycllowuefs 
from occurring ; and alfo that the reader may comprehend 
tile reafoning of I lome, and other perfons who have written 
upon the fubjeft of bleaching, previously to Mr. Schccle’s 
difcovcry. 

1^0 recover the pare alkali from the black coloured leys, 
which have been nfed in bleaching, and to render them 
equally proper for the fame purpofc, has been fora cofifidcr- 
able time a material objeft in the neighbourhood of Man* 
chefler, and praftifed with great fuccors. 

To efleft this, the black or brown llrong leys, wliicli have 
breuleft after bucking linen, or cotton yafn,or good$,or faved 
after wringing them, is put intoaiioblong flat (hallow iron p«in> 
made of plate iron, rivetted together. ( See PlateWf 4 > 50 

ITnder this pan a fire is made, and the old leys a^diially 
evaporated, till they become of a confiftcncc ncany refem- 
bling tar ; the matter is then put into caflis, and ttrried to 
the i*everberatory furnace, 6,7. where it is laded 
or poutrd into the cavity orbed within tlie furnace ; the fire 
being then made, afts powerfully on the alkaline mafs ; 
gradually dries the water left amongll it ; then afts on the 
colouring matter the Icy has abftrafted from the cloth t which 
is partly diflipated in a black, offenlive finokc, and partly 
dcliroyed by combuftion ; the calcination of the afties is 
affifted from time to time, by raking them up with a long 
iron rod, in order to expofe n’efh furraces to the flame ; the 
heat is continued and increafed till the inflammable matter 
amongil the alkali is diflipated, and the aflies brought to a 
perfeft fluid (late; they are then let out by an aperture in 
the fide of the furnace, into an old iron pot put into the 
ground, and when cold, broken into fmaJi pieces for ufc, 
being frequently in a purer (late than when firft imported. 

Fig. 4. Plate IV. ica feftion of the evaporating pan for 
the wafle leys, wliere A roprefents a flat iron pan, of an 
oblong fquarc form, about fix inches deep, and of a fi/.c pro- 
portionate to the quantity of leys to be evaporated ; B, the 
finj.placc ; C, the alh-holc s D, the flue in which the fire 


afts under the pan ; E. tlir chimney for the finoke ; F, the 
brick work. 

i tg» 5. PI -A* ly. is a bird’s eye view of the fame evapora- 
ting pan, which i:. made of plates of bcatiMi iron rivetted 
togclhcr, as flicvvn in i!ic plan ; the fiie-placc underneath 
it IS marked l>y dotted lines at B, and the cliimney flue 
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l-'k. 6. PtaU’ I\'. ivpivfents a longitudinal foftion of the 
ivycjbcralory fcrnacc ufed in the preparation of aflies, or 
folid .dkaline lalts from the old leys attci evaporation, to a 
proper coiilillence; o the biick work ;/>, the afli-hole; r, 
a channel, o» paliagc under the furnace, to admit a free 
current of air; ^/, the fire-grate; r, the flrc-placc ; the 
inner jMit ol the furnace; », the bed of lire proof brick, 
on winch the mutter is calemed ; /», the alkaline ley to be 
calcined ; /, a door through which the ley is introduced by 
an iron ladle into the fnnuee, and through which door the 
matter, iluring calcination, is ilirred fiom time to time ; /, 
tlic puflage for the fmokc, or chimney, which cliimney 
fhould be fiom 20 to 30 feet high ; /, the upper part of the 
furnace, arched like an oven ; p, the feparation wail between 
the fire and mutter to be fluxed or calcined. 

7. yV<//c IV. rcpivfcnts the upper plan of the furnace, 
of wliich 6. is a leftion ; the outer walls ; the 
afh-hole and draught-hole ; r, the iron grate of the fire- 
place ; the bafon in which the' leys arc calcined ; w/, the 
door through wliich foflil coni is thrown into the fire-place ; 
«, an iron tube through which the aflie> in fiifion flow out 
of the furnace when fufliciently calcined ; 0, an iron pot 
into which the melted aflies flow, and where tliey are fuffc'icd 
to cool ; p, a wall of fire-brick between the fire-place and 
bafon, over which wall the fire palTes ; r, the ileus leading 
down to the afli-holc. 

It is ncceffary to remark, that all the interior part of tlie 
reverberatory furnace fliould be made of Wclfli brick, or 
fuch as W’ifl withfland the aftion of a llrong fire ; llie whole 
building (hould be well bound together by iion bars, or 
cramps. If fo conftrufted, it will lail for fevcral years ; and 
when it then wants repair, the aflies, which will be found 
accumulated in the iiiterllices of the brick -work, will defray 
the expellee of fuch repairs. 

Having (hewn the methods generally ufed in bleaching 
linen and cotton, wc fliall notice a procefs lately difeovereJ by 
Mr. W. Higginsof Dublin, for ufing the fulphuret of lime, as 
a fubflitutc for pot-afh in bleaching. The fulphuret is pre- 
pared in the manner following, vi/. fulphur or brinillone in 
(inc powder, four pounds; lime writ flaked and lifted, 
twenty pounds ; water lixteen gallons; thefc arc all to be 
well mixed, and boiled for about half an hour in an iron 
vclTel, (lirring tlicm brifkly from time to time. Soon after 
the agitation of boiling is over, the folntion of fulpluiivt of 
lime clears, and may be drawn off free from the precipitate, 
which is coniiderable, and which rclls upon the bottom of 
the boiler. The liquor, in this (late, is nearly of the colour 
of fmall beer, but not quite fo tranfparent. 

Sixteen gallons of water are afterwards to be poured upon 
the remaining precipitate in the boiler, in order to fepatate 
the whole of the fulphuret from it ; the matter is then well 
agitated, and mud, wlien fettled, be drawn off,, and mixed 
with the firft liquor; to thefc again thirty-thrcc gallons more 
of water may be added, which reduce the liquor to a proper 
ilandard for (leeping the cloth. 

Though either lime or fulphu*-, feparately, is very little 
foUihle in water, yet this fulphuret of lime is n^gl ly 
foluble. , 

This pit^paration has been applied, in the following manner, 
to the bleaching of linen in 
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The linen, as it comers from the loom, it charged with 
the weaver's paftc or diffllng, to difeharge which, the linen 
mud be deeped in water for about 48 hours, and afterwards 
taken oat and well waHiul ; in order to feparate the reli- 
nous matter inherent ii\ th.e vegetable fibre, the linen mu(l 
then be deeped in the cold foliition of fulphuret of lime 
(prepared as above), fn* about iz or 18 hours ; then taken 
out and well wafhed ; when dry, it is to be fteeped in the 
oxymuriatc of l.me, prepared by Mr. Tennant's procefs, for 
12 or 14 hourr, and then waded and dried. This procefs 
is to be repeated by fix alternate in^nierfions in each liquor, 
which are fiifficient to whiten the linen. 

Though we mull confcls, that we have feme doubts ref- 
peCting the application of fulphuret of lime to fuperftde 
the ufe of afhes, in bleaching goods intended to remain per- 
fedly white, yet we think it incumbent upon us to date, 
that for goods previoufly bleached for dying, it pofTcffts 
advantages over thole where alkalies have been uled, and 
which has been aflually proved above 30 years ago, by the 
practice of Mr. Peter Henry Otterfen, communicated by 
him to the late Mr. John Wilfon, of Ainfworth, near Man- 
cheder. Mr. Wilfon's memory deferves every mark of refpeA 
from the cotton manufa£iiirers of England, for his numerous 
improvements in the bleaching, dying, and finifhing of cotton 
goods. 

For the ufe of private families, where the linen is dirtied 
by perfpiration or greafe, it will he of great fervice towards 
rendering it white, to deep it for fome time in a clear liquor, 
made by mixing one quart of quicklime in ten gallons of 
water, letting the mixture dand 24 hours, and then ufing 
the clear water drawn from the lime. After the linen has 
been fteeped in this liquor, it (hould be waftied as ufual, but 
will require much lefs foap to be ufed. 

Cotton goods, after bleaching, were formerly dried in the 
open air, on frames or tenter rails, or on rails in covered 
buildings, or in large rooms or (loves heated for the purpofe, 
all which modes were attended with great delay and dif- 
ad vantages. 

Thefe difficulties were removed in 1797 by an apparatus, 
fimple in its condrudlion, eaiily managed, and of fitigular ufe 
in facilitating the procefs of the bleacher. For this ufeful 
invention the public are indebted to John Burns, efq. of 
Paifley. 

By this difeovery the bleacher can crc6l a drying machine, 
equally ufeful at all feafons, and in all weathers, at lefs than 
one-ttnth of the cxpence of former conftru6lions, for doing 
buftnefs to the fame extent. There is no rifk of damage 
from wind or rain, lefs chance of injury from fervants, owing 
to the fimple manner in which the goods are prepared. 
They receive a fine glofs during the procefs of drying, the 
colour is as well preferved as if dried in the open air, and 
they cannot be injured by the heat. 

A contrivance fo obvioufly beneficial and complete, was 
Toon introduced into general pradlice in the weft of Scot- 
land; and fo undoubted were the claims of the above gentle- 
man to the originality of invention, that the bleachers in the 
neighbourhood prefented him with a bandfonie donation of 
filver plate, fuitably inferibed, in teftimony of their fenfe of 
bis merit, and as fome reward for communicating his plan to 
the public. 

We are more particular in noticing this circumftance, as 
fome other perfons have fubfequentlyt^nout a patent for the 
fame principlct with a little variation in the conftrudion of the 
machine, but which alteration has not been found to anfwcr 
the purpofe as expe6lcd. We lhall therefore now more par- 
ticularly defciibe Mr. Burns's apparatus for dryi^. 

X. Plate 111 . A is the Ixmer or fteam veffol ; B, the 


fafety valve ; C, the hollow leaden pipe which conveys the 
fteam from the boiler to the rollers ; D, a hrafs cocK hol- 
lowed to receive the pivot of the roller, reprefented in 2. 
one of which cocks is fixed to the pipe under each roller, 
and by opening which the (leatn is admitted into the roller ; 
E reprefciits twelve rollers placed upon the cocks, one of 
which, next to D, baa the cloth upon it in the operation of 
drying ; FFF, the wood frame in which the machinery is 
placed 5 GGG, the fupporters of the leaden Ileam pipe, and 
of the trough HH, which trough is 15 inches broad at top, 
to receive the water formed by the condenftd fteam as it drops 
from the bottom of the rollers, E, and to condud it to 1, a 
fmall pipe extending from the trough, H, to the funntl, K, 
which tunnel has its lower pipe reaching to witliin eight 
inches of the bottom of the boiler, to prevent the fteam from 
ifltiing out at its mouth, and which funnel keeps the boftcr 
fupplied with water to its proper height, or (licws when any 
is w^anted, as the fteam would arife through it if water (hould 
be wanting in the boiler, 

2. Plate III. (hew'8 one of the rollers feparate from 
the frame. It is ufually five feet long, one foot in diametc**, 
and made of double tinned (hect iron, and hollow in the 
middle, for containing the fteam ; a is the lower pivot of the 
roller, which is an open tube at the end for receiving the 
fteam conveyed through it from the cock. This pivot riles 
a foot within the roller, at the under part of the roller ; at cl 
is a fmall hole for allowing the condenfed fteam to drop into 
the trough placed below it as above-mentioned ; the other 
pivot or axis of the roller, which is faftened to the top bar of 
the frame by a latch, as reprefented in Jig. i. ; r, a row of 
teeth fixed into a fmall flip of tinned (hect iron, foldered to 
the roller, and thereby elevated to prevent the teeth from 
tearing the cloth. 

Fig. 3. Plate lU, a machine about three feet in height, 
for the purpofe of lapping the cloth upon the rollers. A, 
the box in which the cloth is firft laid; B, the faitheli 
wooden roller, over which the cloth paffes from A, and 
from thence under the wooden roller C, to the tin roller D, 
on which it is lapped by turning it with the handle E ; F, 
the cloth palling under the roller C, to the tin roller D, on 
which, w'hcn it is lapped, it is ready to he carried and placed 
in the drying machine ; G, a weight hung from the projec- 
tion in the foame at H, over the roller B, to keep the cloth 
fufficiently tight as it palTes from the box A, over that roller 
to be lapped on the drying roller D. 

Fig. 4. Plate III. (hews another method of lapping the 
cloth on the tin roller, previous to its being dried. A, a per- 
pendicular frame in the front of which is placed the tin roller 
B, with a handle for turning it at C ; the cloth D extends from 
the roller B over the wooden roller E, in a frame F to G, 
wliere its other end is attached by a wire run acrofs it to 
fome wrapper or linen cloth, faftened to a board H, fixed 
below the roller B. L L are upright pofts fixed to the 
outer fide of the bottom frame KK, having wooden pegs 
NN in them, on the fide neareft the tin roller B. Rails or 
rods arc laid acrofs from thefe to fimilar pegs oppofite, to 
prevent the cloth touching the ground when it is adj lifting 
in the beginning of the operation, and the number of thefe 
pulls neceifary, .therefore, are in proportion to the length of 
the cloth. 

At the commencement of lapping tlie cloth on the tin 
roller B, the frame F, moveable on unall rollcn 11 , running 
in grooves on the frame KK,i8 drawn fo far back, that when 
tlic cloth is faftened to the wrapper G, one half of the piece 
reaches to the roller F, the other half pafTed over that roller, 
reaches to the tin roller B, to which it is then to be faftened. 
On turning the handle C, the cloth is gradually lapped, round 
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the rollei B, llie moveable frame F being drawn foward by 
the tloth ; f<ii as the cloth is lapped on the roller B, the 
frame F is drawn towards it betwixt the uprights LL, and 

at M, on cach^hde, near the top of the frame F, the rails 0 
me raiij d off the pegs NN, and carried forward on the part 

™1W b"'* filtTf ^ " its progrefs to thl tin 

rollt B, till the w raiipcr G, to which the cloth is fallened; 

to the cloth, 18 withdrawn, leaving the whole of the cloth 
to be.drmd on the tin roller B, which roller is then taken 
cuts Sind placed in the drying frame. 

To afeertah. the llrejigtl. of the oxygenated muriatic acid 

frtiflr SV 1^‘^^f‘^'oi/illes made 

ufe of a folntion of indigo in the vitriolic acid, for wl.ich pur- 

pofehe takes onepart of finely imlverir.ed Guatimala i.uL,, 
and eight parts of concentrated vitriolic acid, wliich mixture 
ihou d be put in a glafs yeffcl, and kept of a gentle heat by 
llandmgiiear the fire or in warm water all night, and repeat- 
cdly llirred with a glals rod or tube. WI.en the folntion is 
complete, it is diluted with a tlioufai.d parts of water. One 
■mealure of this fo hituni n. put into a graduated tnbeof .dafs, 
and oxygenated liquor is added, until the colour oV the 
indigo IS completely dellro>ed. and the llrength of t!ie 
the eXur*^ ‘s alcertained by its power in difcliargiug 


Mr. Rofc has recommended a method which is better 
ao.iptcd lor genual ule ; whicli is, » to have fmall tnearures 
properly proportioned to caeli other, and ttlien the liquid is 
llioug, to prevent walle of the iiidigo liquor prepared as 
above, and a tedious repetition of meafures, let a fmall mea- 
lure of the liquor to he tried be put into a ineafure contain- 
mg 24 ol the lame meafures of water (it then becomes di- 
h.led to a twenty.fiftli part); to a meafure of this diluted 
Jiquor add as many meafures of the blue tell as it will dif- 
Hiarge, which mnltipliccl by 25, gives its whole flrengtlu 
It will be proper to have a mcalurc of five for the fake of 
difpatch, 111 adding the blue tell liquor. It is iieccfTary that 
-the experimenter (liould lit low enough to view his meafures 
iionzontallvy in order that they may not be overlilled> Othcr- 
.■Wifc he may be dcceivewl. 

Great care Hioiild be taken in tlie choice of tlic indi^fo and 
.the vitriolic acid employed, for uiilcfs tlie indigo it of the 
Guatimala kind, or bell Eall India, and the vitriolic acid 
highly concentrated and pure^ the colour produced will l)e 
a grecnilh brown, inllead of a bright blue. 

Mr, Cliaptal has employed the oxygenated muriatic acid 
to the purpofe of bleacliing pajjcr, both by applying it to 
the rags before worked down, and to the pulp or palle 5 lie 
.<»Ho rellored the white to prints clifcoloured by time, by 
immorliiig them in tlic oxygenated muriatic acid liquor, or 
cxpoling them to the acliou of its vapour. And feveral 
patents have been granted in this kingdom for bleaching 
pulp or paper, ginougll which Mcflrs. Clement and George 
1 aylor, of Maidlloue, in Kent, liaveobtainoJ one for bleach- 
ing the pulp, by iucloluig it with a liquor of oxygenated 
.muriate of pot-alli, in a velfel rcfembling a churn, eight feet 
diameter at tlic great end, tlirec feet four inches diameter at 
the little end, and two feet ten iiu.hcs in tlic clear. This 
velfel i*evolves upon an axis at each end, and the pulp, by thia 
.motion, and projec^ling parts within the veffel, is conllautly 
•^^oofing fivfk furfaccs to the liquoi;, till the whole pulp is 
fiinicicMtly whitened. 

Mr. liigg, of Ipiiig, in Sulftx, has once obtained a patent 
.for bJcracliing paper, and relloiing to whitenefs damaged or 
mildewed pa]>er, by expofing in clofc wooden velTels paper, 
C.11 quantities of fix or eight .fhcets together, on wooden frames 


placed at fmall diftanccs from each other, to the inSlion of 
oxygenated muriatic gas, and after the paper is taken out, 
prcfli'd, and dried, previous to its being fized, wetting it in 
a folntion of alum water. 

Another method he propofes, is by wetting and foaking 
the paper in oxygenated muriatic acid liquor, till it is pro- 
perly bleached; after which it Ilioiild be well preffed 
and dried, and wet out in the alum water, as in the other 
procefs. 

A patent has like wife been granted toMr.EliasCarpcntcrj 
of Bermondfey, l-.ondon, for a method of bleaching papci 
in the water leaf or Ihcct, and fi/.ing it without drying; he 
ufes for this purpofe a (lout deal box or cafe, which mull be 
carefully clofcd, and capable of confining water or ileam 
within this. The paper to be bleached is to be hung on 
ftripsof glafs, a!)oiit 15 indies long, placed in gmoves within 
the box, about four flieets on each ilrip ; the paper is taken 
for this purpofe when preflVd in the packs in its wet ftate, and 
when the box is filled and clofed, it isexpofed to thca^ion 
of oxygenated muriatic gas for eight or ten hours, and when 
fufficiently bleached, fi/.ed with a preparation made from 
one hundred weight of pieces of /kms boiled in water and 
llrained, then fourteen pounds of alum, feven pounds of white 
vitriol, and one pound of gum arabic added; thefe ingredients 
will make fize enough for about 50 reams of foolfcap paper ; 
the paper when fr/.cd and prefled, is finiflied in the ufual way. 
To prevent the noxious qualities of the gas to the workmen, 
he directs a folntion of pot-afli in water to be jilaced at the 
bottom of the bleacliing box, to abforb the chiflic vapours 
wliich would otherwil'c affed them on opening the box. 

Mr.Tennant of Glafgovv, fubfequent to the patent granted 
him for his bleaching liquid, has obtained a patent fiir pre- 
paring the oxygenated muriate of lime in a dry form, by 
which means bleachers may be cheaply and ctmvcuicntly 
fupplied with it by him, and fave much of tlie trouble, 
expence, and hazard which attend the preparation of the 
former bleaching liquor. 

To bleach filk from its natural gummy {late, whether in 
{kain or manufaftured, it fliould be put into a thin linen bag, 
and thrown into a veffel of boiling water in wliich good 
white foap has been diffolved; the filk fliould boil two or 
three hours in this liquor, and the bag of filk frequently 
preffed with a flick, and turned, fo that tlie gummy matter 
may feparate from it, and rife to the furface of the liquor, 
from whence it fliould be fl<immcd off, and thrown awiiy ; 
the bag fliould then be taken out, and if it contains lilk 
goods, they fliould be well waflicd in clean cold water, 
to prepare them for printing or dyeing; but if the bag con- 
tains fiik in the ikain« after it has been well wafhed in clean 
water, beaten, and llightly wrung, it may be.put the fecond 
time into the copper veflel, filled with cold water mixed 
with foap, and a little indigo blue, if you wifh it tinged a 
little of the “blueifli hue. 

The iilk, when taken out of the fccond water, fliould be 
wrung hard with a wooden peg, to profs out all tlie liquor ; 
then fliakcd, to feparate the tlireads ; llicn fufpeuded on 
poles, in aclofe room or flovc uhere fulphur is burnt, which 
improves the wliitenefs of the filk. 

Woollen cloths or fluffs may be bleached and made white 
by foap and water; by the vapour of iulphur; or by chalk, 
indigo, and fulphuric vapour. In the firfl cafe, after the 
flufis have been cleaned at the fulling mill, they are a^in 
worked in warmifli foap and water, to render them whiter, 
and aftenvards waflied in cl(*ar water and dried ; in lliii^ 
ftate theyiare fit for dyeing any light colom-s. 

To dcilroyor remove the reddilh hucarifing from boiling 
printed cottons in maddei decodlioue, whicli prevents the 
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printed coloiiru appearing to advantage^ the goods are 
rJnally boiled for fome time in bran and water, and then ex* 
pofed to the air, by laying them on the grafs, and throwing 
rpon them clear water from time to time. Mr. Grimfhaw, 
i’) the year 1796, obtained a patent for clearing printed goods 
coming from the madder copper, by ufing tne grains after 
brewing malt liquors, inftead of bran ; the plan he recom- 
mends 15, tiiattlie gi’ains fliould be previoufly four, and that 
three or four bufliels thereof, more or Jefs, according to the 
ci/loiir of the cloth, fliould be put into a copper of hot water, 
c*»ntaining 200 gallons or upwards, and tour or five pieces 
i)f tlic printed cotton gooil^ then immerfed therein, and 
worked over a winch oack wards and forwards, for ten 
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or fifteen minutes; the pieces arc then taken out of 
ilie cupper, and well waflied in clear water, and laid ftraight 
iipdn the ground for two or three days, till the parts which 
fliould be white become clear. The fame liquor, with the 
addition of a few grains, will ferve to clear othtn* printed 
goods, till the whole number wanted to be cleai‘**d have 
been completed ; a fufficient quantity of clear water being 
jtdded to rcplenifli what has been abforbed by the goods, 
or evaporated in boiling. After cither of the operations 
above-mentioned, the immerfion of the printed goods in 
dilute oxygenated acid, will aufwer tlie purpofe of the ex- 
polun: to the air. 




Washing clearing 









Blowing of Glass 


Blowing of Gla$$i one of metliods of form- 
ing ilic (livers kinds of worki in i!jc glafs maiuifaclurc. It is 

rformed by dipping the end of an iron ponteglio, or Idow- 
pipi‘, in the incited glah, and blowing ilirougli it v\itli the 
month, according to the Lii/uinllancos of the glufstobc 
blown. 

Blowing fif tin^ a term ufod by the Cornifli miners for 
thefufion or redutiion of tin-ore to ihemciallie date, after 
liaving been roallccl to get rid of tlic fulpliur and arfenic. 

Biowing Machine > is ufed in nictullurgical operations on 
a great fcale, for the purpofe of ex.-iting coinbuflion in 
ianuxes appropriated for tlic fmciting and reducing of 
cies. 

'J'hehidory and improvement of machinery of this nature 
have k^*pt pace with tlie other branches of our national^fna- 
tiiiraciure, and, in many inftaiicen, may be jultly faid to 
h'.;'’ gone beyond them, 

in ;!*«* {nxliing of lad and tin ores, the fizc and powers 
of the blowing machine have been lefs a fuhjeft of alteration 
and improvement, than thofe ufed at furnaces and’ wprk^ 
where iron oreio fineltcd. 

The natural fufibility and eafy volatilization of theformer 
metals, in temperatures beyond a bright red heat, hate pro- 
ferihed il.e Ih'e of the furnace, the m<*afurc of the blulc, 
and the naiureof the fuel. 

In the inann failure of copper, air-fiimaces arc generally 
nfed, except where precipitated oxyd of copper is revived in 
fmall bbll-fnrnaccs, refcmbling thofe called cupolas, ufed 
at ivon foundcncp, 

'J'iic condruition of a lead fmciting machine, or what fe 
commonly called a Lead Mill,” is extremely fimple. A 
Water vvijod is crefjed in the middle of a fnuarc building. 
To the flicift of this w'hcel arc attached four fmall wheels of 
call iron; about i8 inches diameter. Ffiir pairs of bellows, 
iv/o pairs on cncli fide of the fhaft, are placed at equal 
diltances, and fupporttd ujHm a {Irong framin;; of wood. As 
the water wliotl finft revolves, the wliecis are carried 
round, and allcrnauTy, or two and tv\o together, deprefs 
tile extremity of a liver attached by an iron chain to an 
ccjnipoil^id brnm, tlie dcfceiit of this Icvor elevates the op- 
pofilc end of the beam, to whic!] is alfo attached, by m vcis 
of aiioihcr iron chain, tlie u]>pev or moveable fnrfaci’ nf t!)o 
bellows. TUc blafl produced in tin's way is in gmeral fidr^ 


much intenoi in point ot (ilhcr quantity or dunlity to wdiat 
is found neceflary at iron furnaces. The bellows in common 
mcafurc if) feet in length, and or 6 feet acrofs the hi each, 
moving about 30 ilrokcs pr.r minute. 

In the man uta£\ lire (if iron it has always been, parlini- 
larly fincc the introdufti(ni of pit coal, the inuf afing obj(£l 
of llie iron-maker to improve his idowing apparatus ; for 
uniformly he has found, that in proportion :.she can raif« 
air, and mak * it enter the furnace, fo will lii;» weekly qu'm~ 
tity of metal be incrcaftd. 

In the early hillory of this intcreding rna'tufaflure, wlien 
charcoal of wood was the matter of fuel iiiade ulc of, the 
aflinit'cs betwixt the latter and the ore were olhiWillicd wnth 
more facility. Small furnaces, called bloomcries, wtvc (id- 
ficienlly lar/c, and deemed of profitable c^'pacity, if they 
produced a bloom or tw'o of iron per day, of 90 to J 2olhs. 
cacli. 

Ilrnd bellows, and what wTre called fuelblafis, were fuf* 
ficicntly large for the minor opcM-ations. After the general 
introcludtion of the n finery furnaces, and tl»e divifion of t!ie 
manufacime into the making of pig iron, and the refining 
of tiiis into bar or malleable iron, the advantages of a 
powciful blatl were immedintdv perceived. AVatcr wheels, 
working two pairs or more of leather bellows, were found to 
produce p/r.vvrntil cfTrifis, and, in confcqiicnce, almoft every 
lituaiion tiiat prcfontccl a command of materials and a 
W'aterfail, became the icit^' of an iron-mill. 

The fni.ple mode of blowing furnaces by means of a 
tromiie, was at the ivm) time introduced ; but in general it 
was lound, that much greater advantage could be derived 
from the defeent of water upon a wheel, cither as to denfity 
or (luantity, than by means of the bell conllruiled trompe. 

The ufe of water wlieels and leather bellows continued 
general throughout the iron bufinefs, until the principles 
and mechanifm of the (learn engine were eftablilhcd upon 
unerring grounds. This wonderful invention was foon ap* 
plied with the happietl efleft in many fituatious rich with 
muieml treafurcs, but to which nature had denied the cd* 
vantage of water fuflicient to turn machinery. Cylinders, 
compofed of wood, firmly jointed and hooped, w'cre firll 
introduced as a fubftiluie for leather bellows: thefc were 
fooii afttr replaced by bored cylinders of call iron; mid 
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vlih this p;rcat <lircovci7 and application of the art of catt- 
ing, the blowing machine aflhnicd a general and well-pro- 
portioned fi)rm. 

This took place nearly 40 ycai** ago, and continued with 
a few temporasy cKviations until the introdudiou of Bolton 
and Watt's higlily improved engine. The following may 
ferve for an outline of the old blowing ftcam engine. 

A tteatn c) line! r, working with atmofplieric preffurefrom 
^ to 7 11)1. upon e\ery ujuca inch of the area of the pitton. 
The diameter of the cylinder for one furnace varied from 
25 to j 6 inches, and (or two furnaces from 36 to 50 
inches. Upon the oppotite of the main or working beam, 
fometim/s at equal, and fomciimes at unequal diftancea from 
tl»e centre, was placed the air-pump or blowing cylinder. 
This was, in common, eq lal to four or five t'nica the area of 
tlic former; and, with liic fnali working power of the fteam 
cylinder, feldom conder.iVd the air beyond 1} to i|lb8. per 
I’quarc incli. The air- pump war. commonly ror.ilrnacd open 
below, as may be I..^ n in Plait II. i. {Cljcwj/lry), The 
plan was fometimes deviated from, and iIk' cylinder inverted. 
The blowing pillon was loaded wiih weights, and the air ex* 
prefTed by its defeent. In this mode ot woikiiig, the adl 
of the fteam pillon, defeending in vacuum, raifed the air- 
pump pifton loaded with weights. Upon the return of the 
ftrohe, or wdiile the fteam pifton afeended in the cylinder, this 
pifton loaded with weights funk the whole length of the 
ilrokc, and by means of this loading, propoitioncd to the 
powers of the engine, forced the air cillicr into the regula- 
tor or the furnace. 

Above, or parallel to the air-pump, was placed the regu- 
lating cylinder, as may be feen in the plate above mentioned. 
This had a valve of communication, ivhich opened every 
ftroke the engine made, and admitted the whole difeharge 
of air. The pifton of the cylinder, frequently called the 
fly piilon, was loaded with wciglus, and kept conftantly 
vibrating; fo that when any deficiency of preffure arolc 
from the remitting adion of the air-pump pifton, the blaft 
was comparatively equalized by the preffure of the fly pifton 
tipon the included air. The lize of this cylinder was gene- 
rally in the proportion of 9 to 6 of the air-pump. 

The chief objedlions to this mode of blowing, even when 
in univerfal ufe, were founded upon the great inequalitv 
of the blaft, and a very confiderable waftc of air that took 
place at the /nort, or lafety valve, to prevent the fly pifton 
being blown entirely out of the cylinder. The fnort was 
an opening made in the top of the air-pump cylinder, on 
which relied a heavy iron valve, faced wfith leather Huffed 
with wool ; this was, by means of an upright iron rod, at- 
tached to a lever, which run acrofs tljc top of the regulating 
cylinder. As foon as the fly pifton arofc to a certain height, 
a block of wood, or other contrivance, lifted the one end 
of the lever, and along with it the valve, to a certain height, 
and permitted a quantity of the denfeft air to cfcape, fufH- 
cient to infurc the fafety of the pifton. Notwithllandiiig 
thefe precautions, many accidents and ftops enfued; the 
breaking of a pin, or the looftiig of a key, frequentlv dented 
the pifton from its cylinder, though loaded with leverai 
tons of weight. 

Some irt>n mafters, more ingenious than others, contrived 
to take the fpare or wafte air from the fnort, to receive it in 
im inverted cneft above water, and blow to its extent fmithy 
and finery fires. Endeavours of this kind to hufband and eco- 
nomife air, raifed and condenfed at a great expence, were 
fufficieut proofs that a method was ftill wanting to complete 
the blowing machine, to render its motions ftrady and uni- 
form, and to equalise the denfity of the blaft throughout the 
whole ftroke. 


This was completely accompliflied by inverting large chefls, 
or cylinders, in cifterns of wood, ftone, or iron. The fpace 
betwixt ihc inner and outer dfterns wue conftriiAed of fuf- 
ficient capacity to oppofe to the expanfive force of the blaft 
a coli.'uui of water of equal or fuperior rcTiiUuce. 

Tins invention was called the w'ater blaft, water preffure, 
water regulator, 5 cc. Tlje diiuenlions differed materially 
from from each other; this circumftancc being much regu 
lattd by convenicncy, opinion, and the fize of the engine. 

Plate XIV. I. \Cbem\livy) reprefents a ground plan cf a 
very capacious water regulator, funk in the ground, and built 
of ilonc and bricks. 

A, the inverted chrft made of plates of caft iron, 40 feet 
long, 12 feet wide, and 1? feet high. The fquare fuj>er- 
ficies of this clitil is cqnal to 480 feet, and its cubical < 
tents are 3760 feet. Its weight will amount to nearly 30 

tO»>8. 

B, the opening to which the air-pipc is attached ; 2 feet 
diameter. 

CCCC, open fpacc betwixt the inverted cheft and ftone 
ciftern, for the column of water to afeend ; ji feet wide. 

D D 1 ) D, ftone or brick-w^ork, of which the great 
ciilcin is built. This w^ork requires to be well jointed, as 
the motion of the water has a great tendency to open the 
fpaccs betwixt the ftoncs. This ciftern is 47 feet feet long, 
19 feet broad, and 14 feet high ; its cubical mcafurement 
amounting to 12,500 feet, and capable of containing 93,500 
gallons wine mcafurc. 

cere, an opening of one foot in breadth left in the 
middle of the building. This is compadly filled w'ith well 
trod clay, called puddling, and prevents the efcape or circu- 
lation of water through the building. Beyond this the 
common building extends to a fuificient thicknefs to give 
general fecurity to the whole. 

Fig* 2. is a crofs fedion of the water regulator at B, 
fig* I. The letters in this view cotrefpond with thofe in the 
plan. 

F, the blaft pipe from the cylinder entering the cheft, 
and branching to the two blaft furnaces. 

G G, large hewn ftoncs, on which the cheft is jTupported, 
about two Feet from the bottom of the ciftern, at inter- 
vals of fix feet from each other. 

H, loading of hewn ftone, which for this ciftern requires 
to be equal in all to 90 tons. If the cheft weighs 30, then 
60 tons of loading will be requifite. This is fuppofing that 
the power of the blowing machine is calculated to prtfs 
equal to 3 lbs. upon every fquare inch, which many of them 
are conftrudlcd to perform. 

To comprehend diftiu6tly in what manner the water re« 
gulator performs its fundlions, and upon the fuppofition 
that the comprefling power of the engine is equal to 3 lbs. 
upon every fquare inch, we (hall fuppofe the engine at 
reft, and water introduced into the regulator, till it rife to 
the level of the dotted line 5 feet from the lower edge of 
the cheft, and 7 feet in total depth of water* As foon aa 
the engine is fet to work, the comprellion of the air imme- 
diately fets the water in motion ; every ftroke making 
the water rife in the fpace CC, and pixiporlionally falling 
towards GG, in the interior of the cheft. 

When the inverted cheft becomes filled with air, and the 
condenfation has reached the maximum of the power of the 
blowing machine, the water will be found elevated 3I feet 
to f, and the gauge will exhibit a depreflion in the interior 
of the cheft, from h to 3^ feet, making iu all 7 feet 
from i to i. 

At every turn of the engine ftroke, the water mai stained 
at i falls a few inches, and elevates itfelf above i io the in- 
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tenor of tlie cheft, a fimilar heijjrht. This defcription takes mencement of the flroke, iirpinging violently upon the fur- 
It for gran^cd* that the fpaccs CC are eoual to the area of face of the v/atcr, and raifing a portion of it in the date of 
the inverted chdt ; fo that every inch of water forced out fpray. This is fpeedily dinblved or entangled in the mafa of 
ot the chclt adds exactly one inch to the height of the qondenfed air before the return of the next llroke, and be* 

• t • , , r , 1 . . expreffed along with the blaa into the furnace. The 

A blowing machine, capable of blowing to purpofc two other hazardous confcqucnce is occafioned chiefly by undu- 
biaft furnaces, oiight to have the inverted cheft of the I'cgu- latiou in the column of water, when the blowing machine is, 
Jator equal to three or four hundred fquare feet of area, by derangement or accident, working under its proper 
There cannot ante any error from having this large enough ; power or number of ilrokes. In thefc cafes, wh-^i the 
the want of fpace and capacity frequently proves a real de- paufc at the end of the ftroke is piolonged, an exhauf- 
triment. ! . , , fometimes takes place in the air-oipts, the water rifes 

In calculating the proportions and dimenfions of w’ater and is cairied in a llrcam through the blow-pipe into the 
regulators in general, the jirinciple is, to allow the fpacc furnace * 

around the inverted cheft equal in point of fuperficial mea- The fame cafualties may more readily occur, if the fur- 
furement to the area of the interior of the cheft, that the face of the water is upon a level, or nearly lb, with the 
defeending column of water may difplace no more in the tuyere. 

perpendicular afeent, than it is itfdf a^/olutely drprefTed. In judicious crcdlions ihU \a rarrfully avoided; the 

If the area or fpace in wliich the w^^ter rifes and falls, furface of water in the inserted c..eft or cyluid< r is keU at 
is only equal to half the area the inverted clicft, then for leaf! 9, and fo feet under tue Iwcl of ilie tuyere even at 
every foot of water which is depreffed in the bottom of the the laft period of return, wiica the water has rifen to its 
cheft, a c.‘>la!nn of two feet will be raifcd and maintained on grrated height witl jn. 

the outfidc. On the contrary, il the oiitfide fpace for This very proper pi ecaotion enfurrs an advantage of much 
water he equal to twice the area, then every foot of water importance. A fpacc ]• obtained bctwdxt the top of 
depreffed in the cheft will only elevate the external column the died and the preifrd fnrfacc of the water; this he- 
lix inches. ^ comes a fpacious reftTvoir for tliv, con.J' nCfd air, and, by ge- 

lt will appear evident from thefc general fads, that a ncraling a conlidevablc portion of dallicity, prevent,*; any 
confiderable latitude may at any time he afTuined in con- violent perturbation upon the wafer at any peri jd of the 
ftruding the water regulator, particuhirly in old eftablift.ed llroke. The increafed diftancc betwnyt the liu face of the 
works, w'herc local circumftances a^id couvcuiency coafine water, and the pipe which coiuluds the air from the cy- 
its fituation to one fpot, linder, has a complcle tendency to prevent tlie elevation of 

Where it is not inconvenient to ufe a high perpendicular the aqueous particles, and always enfures a quantity of air 
column of water, the inverted cheft may be increafed ore comparatively free fr in moidiire. 

half, double, or even triple the fuperficial meafureincnt of Upon the pri.ici plus. ^’ormcrly noticed, it is pofuble to con« 
the outfidc fpace ; fo that if the power of the blowing ma- ftrud a blowing apparatus of this nature, wherein liiere 
chine is equal to 3 lbs upon the fquare inch, the water in could be little or no vifihle motion in tlie perpendicular co- 
llie cheft will be depreffed 3?] feet nearly, and raifed in the lumn of water even wdth the fame engine, 
pcrp-iidicular column ^ feet 5 indies in the firft, J ftet in Let us fuppofe a machine of ibis nature at work, with an 
the fecond, and ro;J feet in the laft cafe. This plan t^o fuit accurately balanced column of water, the fall of which, at 
former eftabliflimcnis may be adopted with confidtrtbfc mo- the return of the ftroke, was equal to 12 inches. It isevi- 
dlfications, always keeping in mind, that every foot of area dent, that if the outfide fpace was enlarg:d fo much over its 
gained upon the fiirface of the water is a material acqulfitiou fnrfacc as to contain this foot of water, without adding any 
to the equalizing powers of the regulator. perceptible height to the column ; that included within the 

One imperfedion attends this want of equilibnuiH on the cheft would, at the return of the iiroke, being fed from 
two fpaces for the aftion and re-adlion of the water. — a more capacious limb, rife a foot, without any feiifible di- 
Whatever fpacc tlie waters would fall, at the return of the minution taking place in the perpendicular height of the 
ftroke, fuppoling the infidc and outfide columns exadlly ba- exccrnal fluid. Jt is equally obvious, in this as in every 
Innccd, would in this cafe be increafed one half, double^ or cafe with water regulators, that the rife and fall of the in- 
triple. ftde column of water will remain the fame, under every ino- 

Again, where fituation does not admit of the perpendi- diiicatio 1 and form, while the pace and powers of the engine 
cular column being raifed beyond, or not even to the extent remain the fame. 

of the depi*cfl[ion, that takes place within the inverted cheft, The application of water regulators to blowing machines 
and where an additional fpace cannot be procured for an in- was loon followed by an attempt to further imjprovcment, 
cieafe of its diameter, an inverted cheft of much lefs by the introdiidlion of the air-vault ; the principle of whxh 
height than common may be tifed, loaded with a material was to form a receiver of fuch capacity, that the elafticity 
of great weight, fuch as iron. The water in that cafc would or fpring of the condenfed air would be fufficient to ex- 
diftribtttc itfeU over the furfcce of the cheft, iiiftead of prefs and equalize the blaft during the return of the 
rifing in perpendicular height. ftroke. . . - . 

One ferious objeiftion, however, is made to chefts or cy- To efFe£l this, an immenle magazine was reemmte ; to 
iindei-s, where the eduction pipe approaches within a fliort crcift which of any metallic fubftsmee would have bwn 
fpace of the furfacc of the water ; namely, water rifing in ruinoufly expcnfivc, and, if conftrutted of wood, iniulu- 
tne pi|*cs, and being conveyed along witn the air into the cient for retaining the air. It became therefore requmte 
furnace. This may Uke place in two ways ; by an infenfiblc to try the experiment upon building, or by excavation from 
and uniform difeharge of water into the furnace, making the lolid rock. In both thefe ways has the air vault been 
the hhii at the tuyere vifible, like the refpiration of the tried, and found to produce an excellent effta, as ta 
human body in a trofty.day; or in quantity, threateniag equalizing the denfity of the blaft; but it has been con* 
utter deftruaion to the furnace and buildings. The former ceived with fuch indifferent confequences as to quantity* 
is occalidncd by the air from theeduaion pipe, at the com* that the plan is for the prefent given up. 
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Aif-ftults were conftrufted both at the Clyde and Muir* 
I^iik iron works in Scotland, and a conftant current of air 
produced f but nearly one half tlie quantity lifted by the air* 
pump efcaped through the walls and arches of the building. 
This was at any time made vitible by rubbing foapy water 
upon the external walls. 

At Devon iron works in Scotland, an air-vatiU was ex- 
cavated from the folid rock, 72 feet long, 14 feet wide, 
and ij feet high ; equal to 13,000 feet of cubical mcafurc- 
ment. This immenfe excavation was made comparatively 
air-tight, by cauking the Teams and fiffiires of the rock, 
plaftcring and then covering the whole with alternate layers 
of pitch and clofe wove paper. 

This was the mod perfeft experiment ever tried upon 
the air-vault ; and if an opinion is to be formed of the 
perfcAion of the apparatus by the quantity of iron at 
one time mauufadured, a very trifling portion of air in- 
deed mud have hern loft. 

It has been frequently noticed in Scotland, that at works 
where the materials were in any degree fimilar, 3000 
to 3 500 cubical feet of air per miniHe will, in the courfe of a 
week, produce from 30 to 35 tons of pig iron, whatever may 
be the denfity at which it is thrown into the furnace. 

The Devon furnace at one time averaged 33 tons weekly 
for 9 months running, and confumed of air, per data fur- 
liiihed by Mr. Roebuck in his paper publiihed in Nicholfon’s 
Journal, vol. iv. nearly 340c cubical feet per minute, under 
a prclTurc of 2f lbs. per fquarc inch. Notwithftanding 
this powerful demonftration, ftrong prejudices were enter- 
tained to its difadvantage ; and many believed, that had any 
other mode of regulator been attaclicd to the blowing ma- 
chine, abundance of air would have been obtained to have 
blown two furnaces equally well. That this idea was incor- 
reft, may be eafily gathered by calculation from the area of 
the air-pump, the length of the working ftroke, and the 
number of ftrokes per minute, all of which are particularly 
ftated by Mr. Roebuck. 

For the 'general conftru6lion of an air-vault formed by 
building, fee Plate XV, {Chemtftry.) 

Fig, I . is a feftion of the vault conftru Aed under the 
bridge-houfe, or place where the materials are proportioned, 
previoufly to their bcin^ thrown into the furnace. One half 
a blaft furnace outline, is feen as coniieAed in point of iitua- 
tion and blaft to the air magazine. 

A, the termination of the blaft pipes that convey the air 
from the blowing cylinder into the receiver, 5 feet diameter ; 
the length depends upon the contiguity of the engine to the 
Tault. 

B B B B, four vaults, 13 feet wide each, 25 feet deep, 
tnd 10, If, 12, and 13 feet high to the fpringing of the 
arches ; total height to the crown of the arciies, 26i, 17}, 

1 8}, and 19I feet. Thefe cells communicate with each 
other by archeJ openings in the crofs-walls, which may be 
diftinAly feen in tne ground plan at L. 

C C, the eduAion pipes that carry the air to the furnace ; 
18 inches diameter. 

D, end view of the range of laying pipes at the tuyere of 
the furnace. The dotted lines betwixt D and C are meant 
to reprefent the horizontal range of the pipes. 

£, part of the outline of a blaft furnace to fhew its pro* 
per lituation to the air vault. 

F F F F, floor of the rcfpeAivc vaidts, compofed of a 
mixture of two parts of boring dull, two of fine riddled 
UifiCi and one part of fine roafted iron ftoacf mixed up into 
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plaller with water containing a confiderabic portion of 

fait. 

G G, end walls of bricks or ftonfi four feet thick. 

H H H, lining of brick-work, built in the moll acciK 
rate manner, with fine riddled mortar, and run every fecond 
or third courfe with mortar made thin and very liquid. 
Thefe walls are two feet and a half in thicknefs, are care- 
fully plaftered, and afterwards covered with feveral hyei^ 
of ftrong paper and pitch, to prevent the efcape of air. The 
roofs of the vaults are finifhed in the fame manner. 

I, door arch into the vaults ; entrance obtained by means 
of a ladder or wooden Hairs fufpended within. 

K, fpacc above the arches, filled with rubbifli, to prevent 
any fpring, and to raife the floor to the level of the 
furnace top. 

L, the range of the floor, or acclivity to the furnace 

mouth. 

Fig, 2. is a ground plan of the bridge-houle containing 
the air-vaults, and exhibits one half the ground plan of the 
furnace through the centre of the tuyere arches. 

B B B B, correfponding to the lame letters in the ele* 
vation. 

C C, pipes for taking off the blaft into the furnace. 

D, correfponding to the fame letter in the feAion. 

£, main pillar of the furnace, fame as £ in the feAion. 

GGGG, and H H H, correfpond with the fame letters 
in the elevation. 

I, fquare for receiving the furnace hearth. 

K, part of the ground view of the hearth, and the ap- 
proaching blaft pipes. 

L L L, openings of the crofs arches, which communicate 
the vaults with each other. 

The cubical contents of a vault, conftruAed according 
to thefe dimenlions, will amount to 20,000 feet. 

In general, it may be remarked upon the conftruAion of 
the blowing mc^chine, that fince the period of the intro- 
duAion of Mr. Watt's engine, the air-pump, or blowing cy- 
linder, has been conftruAed fo as to difeharge a cylinder full 
of air every afeent and defeent of the pifton. This, inftead 
of travelling 4 to 5 feet per ftroke, more generally moves 8 
feet ; and the number of cylinders per minute are feldom 
under 24. 

Formerly, in the common atmofpheric engine, the move- 
ment of the pifton from top to bottom, and back again, 
produced only one cylinder full of air from the air-pump, 
and the number of cylinders difeharged per minute feldom 
exceeded 16. A fteam cylinder of 40 to 44 inches diame* 
ter, and an air-pump of 6 feet diameter, the pifton moving 
about 5 feet per ftroke, were deemed fuflScient in the con* 
ftruAion of a blowing machine for two blaft furnaces. The 
quantity of air pumped up and thrown into the furnaces by 
luch an engine feldom exceeded 3000 cubical feet per mi- 
nute. This, and even a larger quantity, is now thrown into 
one furnace, and the produce by fuch means increafed froot^ 
15 to 35 tons weekly. 

The flrft fet of tables following are calculated to (hew 
the quantity of air that would be difeharged by blowing 
cylinders of various diameters, the length ana number of the 
ftrokes being given. 

The fecond fet, to (hew what diameter of blowing cylin« 
der is requifite, with a given fteam power, to raife the atrto 
a certain denfity per fquare inch. See Enoiiix, W4TI8 
IU6VLATOX9 and RXGV1.AT1110 Vault* 
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TABLE I. «>f Blow HI C)liiiJ8ra. tlieii- Capacity, Area, and Quantity of Air diftliargcd by a Foiir-I’t'ct Stroxf, tVc. 


V w Ari‘& 111 Are4 in Sii*! c 
/iZ Circu;ar luvtoi-* 

e liiib.'a. 


ialnSvr.rjc I '4iK.tttvofli Vllc’lutJ’* ‘iV U 111 \irdifi|„rflcrt - 

liivhi-k I btiokC'ik i vliiwicr' •ibt c- ilndtit ot-r ot <o tne R^teoffs ^ lb- Hme uf if the Km>c ui ii thi Hate ••( lO 

Wulu.uci. MILUIC,* Cylu.acr. p.. Cvllj.de i ,Kr 


1 * I 7.1 2^.1744! 141^720011409760 848.2320 706.8600 565.4880 424.1160 339.2928 2v8i.744a 

3/ i.) -'9,1=57 s >> >70 29.8070 1 493 •35^0 1 896.010c 74^>-675 o 592.3:100 448,0070 3^^*4040 298.670^ 

3' 1444 1 ij |.i !70 31.5032 157 j-*^oo 1260.1280 945.0960 787.5800 630.1280' 472.5480 378.0384 3J?,o^2o 

39 1 ,2i| 1 194,5934 33.1831 1659.1550 1327.3240 995..^93o 829.5775 663.6620' 497.7465 398.1972 33*>'3ic 

40 lOoo i:;56.64oo 34-9®55 */45*275o 1396.2200 1047.1656 872.6375 698.1 100, 523.5825 418.8650 ^^490550 

41 ‘.3*®-.S74 3^^738 1833.6900 1406.9520 1100.2140 916.845c 733 4760 550.1020 440.0856 366.7380 

42 17^4 1385 *44/)^ $‘^^•4^34 ^92^4* * * 539-33^® n54‘502o 9620850 769,6680 577.2510 461,800b 384 8340 


43 18491I452.2046 40.3390 2016.9500 1615.5600 i2'io.i7oo 1008.4750 806.7800 *605.0850 484.0680 

44 ^93 ^iI 5“®'534-I 4^*237'^ * ^•85=^'0 16S9.4800 1267.1 100 1055.9250 844.7400 633.5550 506.8440 

4.5 2025 1590.4350] 44. T 787 2^08.9330 1767.1480 1325 3610 1 104.4765 883.5740 662.6803 530.1444 

46 21161661.9064 46.16.40 230S. 2090 1846.5600 13S4.9200 1 154.1000 923,2800 692.4600 553*9680 

47 '^-09 1 '34.9406 4S.J930 2,409.65001927.72001^45,79001204.8750 963.3600! 772.8930 57B.3160 


577.2510 461.8008 384 8340 
605.0850 484.0680 403.3900 


500.8440 422.3700 
530.1444 441.7870 
553.9680 461.6400 


29162290.2264 63 6173 3 180. 8650I2544.6920 1908 5190 1590.4327 1272 3410 9542595 
3023 12375.8550 65.9954 3^99*77°^|2639.8i6o 1979.8620 i?>49. 8850 1319.9080! 989.9310 


4/ ^-09 1 ' 34.9400 40.J930 2,409.65001927.72001445,79001204.8750 963.3600! 772.8930 57B.3160 481.930c 

48 2304-1809.5616 50.2656 2513 2800 2010 6240 1507.9680 1256.6400 1005.3120' 753 9840 603.1872 502,6560 

.49 2401 1885.7545 52.381S -619.C900 2095.2720 1571.4540 1309.545^ 1047.6360' 785.7270 628.5816 523.81S0 

50 2^00 1963. 50.^0 54-54*6 '6640 1636.2480 1363 5400 1090.8320 8 8.1240 654*4992 'j,;j5,4i6o 

fi 2601 204C.8254 5^^ /4S^ -^37-255®P^^'9-^®4® 1702.3530 1418.6275 II ,4,9020 851.1760 680.9412 5674510 

5:? 2704 2123.7216 58.9644 2948.2200 2358.5760 1 768.9320 1474.1 100 1 1 79.2800 S‘'54 46 '^;o 7.07.5728 589.6440 

53 2809 2206.1886 61.2830 3064 1500 24 31.3200 1838.490c 1532.075c 1 220.6600 919.2450 735*3960 612.8300 

54 29162290.2264 63 6173 3 180.b65O12544.6920 1908 5190 1590.4327 1272 3410 9542595 763.4076 636.1730 

55 3^2312375.8550 65.9954 3^99*77°^p639.8i6o 1979.8620 1649.8850 1319.9080! 980.9310 791.941^8 659.9540 

56 313^12463.0144 68.4017 3420 5350 2736.4280 2052.3210 1710.2675 1363.2140 1026.1605 820.9284 684.1070 

37 3^-19pj5**7646 70.8823 3544-1 130 2835.2920 2126.4690 1772.0575 41 7.6460! 1063.2345 8505876 708.8230 

5^ 33^4 ^<^4=i*='^56 7.V39>3 3^^9-5^5®|-i935-^5^® ^^201. 7 590 1854.782 5 1467 8260 1 100 8695 880.6956 735.9130 

39 34^^p733-9774 73 943« 3797-»900iJo37-732O2278.3 140 1898.5950 1518.8760I1 139.1520 911.3236 739.4380 

60 36 oO| 2827.^40 o 78.5400 3y'-^7'0®-® 3141*60002356.2000 1963 5000 1570.80001178,1000 942. 480^. 785,4000 
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BLOWING OF GLASS 

TABLE II. of blowing CylinJcm, their .\rea« Capacity, and Quantity of Air, difcharged by a Five-Feet Stroke. 
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BLOWING OF GLASS 


TABLE IV. of Blowing Cylinders, their Area, Capacity, and Quantity of Air difchargtd by a Seven-Feet Stroke. 


« ^ Air dlfcharised HI Air difchatRen »t AlrdlfcharRetl AirdlfeharRedal AirsIlfclianceAal ^irdlfcharncdai Air air<:harB*a*i Alrdlfchartfeilat 
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* reel. Piset. t ree l. cat Feel. eal Feel. cat F«ct« cal Ve er, cal Feet. 
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BLOWING OF GLASS 


TABLE y. of the Powers of Steam Engines working at the Rate of olbs. Avoirdnpolfe.upon eve^ Circular Inch/or i i.4«lb. upon etery Squa« Incl 
of the Steam Pillon applicable to Blowing Machinery j and the Areas and Diameters of Blowing Cylinders requifite to laife Air of vanous Den 
fiucs from i Jib. to 4 lbe. upon each Circular Inch, or from i.polb. to 5 . 09 alb 5 , Avoirdupoife, upon each Square Inch of the Air receiver. 
































BLOWING OF GLASS 


TABLE I. of the Powers of Steam Engines working at the Rate of 5 lbs. Avoirdupoife upon every Circular Inch, or 
upon every tlquare Inch of the Steam Pilton applicable to Blowing Machinery ; and the Areas and Diameters of Blowing 
Cylinders reqiiinte to raife Air of various Denfitics from lb. to 4 lbs. upon each Circular Inch, or from 1.90 lb. to 5.093 lbs. 
Avoirdupoife upon each Square Inch of the Air Receiver. 










































BLOWING OF GLASS 


TABLE III. of tlic Powers of Steam Engines working at tlic Rate of ^^Ibs, AToirdupoifc upon every Circular Inch, or S^pilb. upon every 
iScjuarc Inch of the Steam Pifton, applicable to Blowing Machinery j and the Areas and Diameters of Blowing Cylinders, requifite to raiJc 
Air of various denfities from lilb to 4lbs. upon each urculur Inch, or frona i.vjolb. to j.oa2lb6. Avoirdupoue upon each Square Inch of 
the Air Receiver. 


































BLOWING OF GLASS 


TABLE iVi of theP<^rt of Steim Eoginet working it Rite of 8Ibi. Avoirdupoife, upon erery Cireulir Incli, or 10.18 lb(. upon every Square 
Inch of the Suam Pifton, applinble to Blowing Machinery ; and the Areas and Diameten of Blowing Cylinders requifite to riiie Air of 
wotti Denfitiei from lb. to qlbi. upon each Circular Inch, or from 1.90 Ib. to 5.09a lbs. Avoirdupoife npoil each Square Inch of the Air 































BLOWING OF GLASS 


TABLZ V. of Bloirfng Cyfinden, thm Am, Ctpodty, and Quantity of Air, difcharged by an EigbuFeet Stralw. 


Am in Ann In l«aw» 

Circular ln«M»« 
loelMa. 


Air dlftiuuBM m Air dlfeterntd nt 
tnn Inw of 90 ttw Bate or ts 

CuOlCAl foot. Cubical fort. 


1296 1017.8784 
1369 1075.8670 
14441134.1176 
1521 11945934 
1600 1256.64001 
1681 1320.2574 

1764 I385.445<5 

1849 1452.2046 
1936 1520.5344 
2025 15904350 
2116 1661.^64 
22091734.9486 
2304 1809.56161100.53x2 
140X 1885.7545 104.7636 




1 13.4902 


127.2346 


2027.4400 


1696.4640 


5089.3840 
5279.0320I 

5471.1360 
5670.5840 
5871.3040 

94.3»oo| 6075.5040 
6283*2000 

6494.3840 
6709.0560 
6925.6240 
7146.65^ 
7374.0320 
7602.6720 
7834.8000 
8070.4160 
8309.5280 

8552.1360 
8798.2240 
9047.8080 


2309.0040 


2420.3400 


2534.2200 

2650.7220 

2769.8400 

2891.5800 

5015.9360 

3142.90H0 

32724960 

3404.7060 

3537.8640 

3676.9800 

3817.0380 


3959.7240 


5359 - 99^0 


5530.5240 


AlriMBlMriadat 
tnabatctA Ja 
Cinder* aar 
Mlauia In 
CaUcatfdtft. 


848.2320 


6S0.808OI ^7.3400 
630.0640 
663.6620 


844,7400 


2201.7390 


301.4500 


7547.0920 


8726.6640 




































































Boiler 


BOILERi orBortBR, a large; copper veflc)f wherein 
things are expoled over the hre to l>e boiled* 

The boiler* in the aluin*workS| is a velFel* in which the 
liquor is evaporated to a confidence* and is made of lead. 


The general lize is about eight feet fquare* and they contain 
about twelve tons each* 

They make them in this manner: firft* they lay long 
pieces of caft-iron* twelve inches fquare* as long as the 
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breadth of the boiler* and at about twelve inches di fiance 
from one another, Thefe arc placed twenty-four inches 
above the furface of the fire. On thefe maffy bars of iron 
they lay* crofs-wife, the common flat bars of iron, as clofc 
as they can lie t gethcr, and then make up the fiJea with 
brick- work. In the middle of the bottom of this boiler is 
laid a troun;h of lead, wherein thev put at hrll about a h\in« 
dred pound weight of the rock. They ufc Newca-lle coals 
in the boiling; and if tliry find the liquor not ftrot:g 
enough, thc7 add more of the rock at tiuics, as it boils. 
Phil. Tranf. 142. 

The boiler for making r dours* &c. mufl be made of pew- 
ter; becaufc iron and copp-r will be coirodcd by the faline 
fuhllances ufed in the manufaflure of them. 

Count Rumford (See his Effays, vol. i. p. 220.) recom- 
mends double bottoms to boilers, and alfo to I'duccpans and 
kettle- of all kinds, ufed for culinary ptirpofcs; which con- 
trivance, he fays, will, in all csfes, m dl effectually prevent 
what is called by the coo!;s, burning-to.** Tlie heat is 
fo much obllruclcd in its paffage tlirough the thin flicet of 
air which, notwithflanding all tiie care that is taken to 
bring the two bottoms into adlnal contact, will ftill remain 
between them, that the feco-^d ha3 li:ne to give its heat as 
fad as it receives it to the fluid in the boiler; and coiife- 
quentlyit never requires a degree of heat fufliLicnt for burn- 
ing any thing that may be upon it. He fuggeffs that it 
will probably be bed to double copper faucepans and fmall 
kettles throughout ; and as this may and ought to be done 
with a very thin flicet of metal, it would not cod much, even 
if the lining v^ere to be made of filvcr. When Uac two 
(heets of metal that form the double bottoms of boilers are 
made to touch each other throughout, by hammering them 
together after the falfc bottom has been fixed in its place, 
they may be tacked together by a few fmall rivets placed 
here and there, at confiderable diflances from each other ; 
and when this is done, the boiler may be tinned. In this 
operation, if proper care be taken, the edge of the falfc 
bottom may be foldcrcd by the tin to the fides of the boiler, 
and thus the water or other liquids, put into the boiler, will 
be prevented from getting between the two bottod^s. The 
Count adds, that this invention of double bottoms might 
be ufed with great fuccefs by dittillers, to prevent their li- 
uor, when it is thick, from burning to the bottom* of their 
ills. (See Still.) Having found in the courfe of his 
experiments, (Sec Phil. Tranf. 1792, Part I.) that con- 
fined air is the bed barrier that can be oppofed to heat for 
the purpofe of confining it, he propofed to confine the heat 
in the boilers of his conftru^ion, and to prevent its 
efcape into the atmofpherc, by means of double covers. 
Thefe covers were made of tin, or rather of thin iron -plates 
tinned, in the form of a hollow-cone ; the height of the cone 
being eaual to about one-third of its diameter ; and thus the 
air which it contained was eiuirely (hut up, the bottom of 
the cone being clofed by a circular plate or thin fticct of 
tinned iron. The bottom of the cone was accurately fitted 
to the top of the boiler, which it completely clofcd by means 
of a rim about two inches wide, which entered the boiler ; 
which rim foidend to the flat flicet of tinned iron that 
formed the bottom of the cover. The fleam, generated by 
the boiling liquid, was carried off by a tube about half an 
inch in diameter, which paffed through the hollow conical 
cover» and which was attached to the cover, both above and 
below, with folder, in fuch a manner that the air with which 
the hollow cone was filled remained completely confined, and 
cut off from all communication with the external air of the 
atmofphere, as well as with the fleam it generated in the 
boUer. For bii various contrivances in the moft advaii* 


tageous conftruflion of boilers for the faving of fuel, and for 
producing the defired effeft, we refer to his Eflays, vol. ii. 
p. iS, &c. 

BOILERY, or Boilary, in the Stih fVo*-hf denotes a 
falt-honfe, pit, or other place, where fait is made. 

BOILING OF Meat, in Cookery^ is the cxpofing of 
meat to tlic heat of boiling water, while it is immerfed in it 
for a certain time. By this joint application of heat and 
moiflure, the texture is rendered more tender and more fo- 
luble in the ftomach ; and it is only in this way, that the 
firmer parts, as the tendinous, ligamentous, and membranous 
parts can be duly foftened, and their gelatinous fiibflance 
duly extracted. A moderate boiling render© the texture of 
animal flefli more tender, without much dimhiution of its 
nutritious quality ; but if the boiling is extended to extra£I 
every thing foliiblc, the fubftance remaining becomes lefs 
foluble in the flomach, and at the fame time much lefs nu- 
tritious. But as boiling cxtradls in the firft place the more 
foluble, and therefore the faline parts ; fo the remainder, 
after boiling, is in proportion to the continuance of the 
operation lefs alkalofccnt, and lefs heating to the fyflem. 

Boiling is commonly pradifed in opfii veffcls, or in vcffcls 
not clofcly covered ; but it may be performed in digeflers, 
or vcffels accurately ar^d tightly clofed ; and in fuch vcffels 
the effeds arc very different from thofe that take place in 
open veflels. As we can hardly employ any other degree 
of heat than that of boiling water, the W'atcr in tbc digeftcr 
is never made to boil, fo there is no exhalation of volatile 
parts ; and, although the foliition is made with great fuc- 
cefs, and may be to any degree required, yet if it be not 
carried verjr far, the meat may be rendered very tender, 
while it ftill retains its moft fapid parts ; and this kind of 
cookery will always give the moll dcfirable Rate of boiled 
meat. Boiling, in the ordinary way, is different, according 
to the proportion of water that is applied. If a fmall quan- 
tity be applied, and the heat in a moderate degree is conti- 
nued for a long time, this is called ftewing,'' and has the 
effeft of rendering tlie texture more tender, without ex- 
tra£ling much of the foluble parts ; and of courfc it leaves 
the meat more fapid, aud funiciently nouridiing. Cullen’s 
Mat. Med. vol. i. p. 400, &c. 

Boiling, ebullition^ in Phyjicsy is the internal commo- 
tion excited in a mafs of water or other liquefied fubftance, 
by the fucccflivc converfion of the lower portions of the 
fluid into vapour, and their violent eflbrt under this expan- 
five and elaftic form to make their efcape* It is ufually, 
though not neceffarily, produced by the application of heat. 
The circumftances which precede or accompany the pheno- 
menon of boiling, are heft obferved in a thin tranfparent flafk 
nearly filled with water, and fufpended over a lamp or a 
charcoal fire. Numerous minute globules are ften coUeding 
from all points towards the fidcs and rifing in a ftream to the 
furface ; occafioned evidently by the difeharge of air, which 
is always in fome proportion combined with water. As the 
heat mcreafes, the liquid paiticles near the bottom of the 
fiafk fiiddcnly burft into fleam, and fhoot upwards ; but in 
afceiiding through the colder mafs, they again collapfe, flop 
their progrefs, and feem loft. Such alteniate expanfions 
and contradions, by throwing the fluid into a gentle tremor, 
frequently caufes a peculisr lort of finging noife, which it 
rightly fuppofed to betoken the approach of adual boiling* 
llis finging is more likely to happen in the cafe where heat 
is applied partially ; for inftance, if a tea-kettle be placed at 
the ude 01 the fire, fince the heat is then more flowly and 
unequally diffiifed through the body of the water. But after 
the whole contents being fuUv penetratrd, are warmed up 
141 the requifite degree ofiacenuty, the fteani» as fiift as it ta. 
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formed* alcendv continually and cfeapei untn^paired through 
the fluid, wh'ch it, therefore* heaves with violent agitation. 

The fame appearance almolt is produced by rctnovrng or 
even diiNU<iihin*( the atmofphcric preflure. Thiip,if a tum- 
bler holding warm water be introduced under the receiver 
of an air«ipunnp* as the exhauition proceeds, or the incumbent 
weight is gradually withdrawn, the latent portion of air is 
difeharged in a rapid flow or expanded bubbles. But th*s 
roceffi, at fomc certain point of rare faft ion, is fucceeded 
y the vehement commotion which conflitutes boiling ; and 
the water, afluming its invifible form, tills the imperte^t void 
with vaoour, which betrays its exigence by condenQng 
againfl the Tides of the receiver in copious dew. Nor is heat 
pofliively neceffary cowards vaporization, for it only confpires 
in accomphfhing that effrft, and fupplies the want or the 
imperfection of our means of producing exhaultion. By 
help of an air-pump of the belt conilruCtion, the coldell 
water may be made to boil, nay. ice itfelf could be changed 
into invifible Iteam, Hence the utter impolTibility of ever 
obtaining a perfeCt vacuum^ becaufe the rcilraining influence 
of prelTure being entirely removed, the liquid matter un- 
avoidably prefented would always difrufe a thin vapour. 

The oppofite influence of heat and prclfurc on the con- 
flitutioQ of fluids is well exhibited by a very liniple yet 
itriking experiment. Take a large thin phia!* aud having 
warmed it gradually to avoid the rifle of cracking the glafs* 
fill it completely with boiling water* cork it tight, and ex- 
pofe it to a current of cold air. As the water cools* it 
neceiTarily contradsits volume* and leaving an imperfect va- 
cuity below the neck of the phial, it hence becomes to a 
connderable degree relieved from the load of atmofpheric 
prrfTure. It therefore foon b;fgin8 again to boil, nay, It 
will boil more brifkly the fader it cools ; and this fingular 
appearance, fo contrary to our ufual notions, may continue 
perhaps for the fpace of half an hour, tiU the water has 
grown ascold almod as the tempefature of the human b .dy. 
On the fame principle depends the condrudion of what is 
called the pulfeglafsi this confids of two balls conneded by 
a pretty long tube ; one of theft balls is filled with coloured 
water or fpirits of wine, which having been made to boil and 
expel the air by its vapour, at the fame indant the point 
projeding from the other ball is hermetically fealed. As 
that vapour condenfes with cold, it will leave the included 
liquid then in a fort of vacuum, and the beat of the hand i,s 
then fuffictent to caufe it to boil and to flow from one ball 
into the other. 

It a velfel containing vrater be placed over a dcady fire, 
the water will grow conimually hotter till it reaches the 
limit of boiling, alter which the n gular acceiCons of heat 
ate wholly (pent in convening it into deem. Tne water 
therefore remains at the fame pitch of temperature, how- 
ever flercely it boils. The only difference is that, with a 
ilrong Are, it fooncr comes to boi), and more quickly boils 
away. Hence’ the rcafon why a vcflcl full of water, and 
plunged into the centre of a larger one, which is likewife 
filled with that flHiid, barely acquires the boiling beat, but 
will never adually boil. 

The fo matioo of deam oecaiions a prodigious confump- 
tion of heat ; for if the time be noted in which water, by 
the a^on of a drong fire, is raifed from the limit of freextng 
to that of boiling, it wilt be found to requiir more than five 
timea longer a fpace to boil entirely away. Thus, a portion 
of heat oorrefponding to above 900 degrees by Fahrenbeit*s 
fcile» is always conlumcd io the ad of boiling, or rstHer it 
is traotlerred and tatert into the compodtion of fteino, 
At gafeoos produd. This abforbed heat it as condaiuly 
evol^ wkea fteana condenfes and returns to its liquid form. 


lltnce in didillation a very Tswe refrigeratory Is required foe 
condenling a comparatively Icnall quantity of aqueous or 
fpiiituous vapour. Hence too the explication of the fa- 
miliar remark that deam fcaldt more cruelly than boiling 
wate-. 

The heat of boiling water, being fubjed to the influence 
of the atmofpheric preffure, is thus not abfolutcly fixed. 
It varies vrith the variation of the barometer, and decrcafcs 
as the mercury dcfcends. The extent of this flufluation 
may in our changeable climate amount to five degrees by 
Fahrenheit's fcale, the fucceliive difference of a degree cor- 
rcfpondtng nearly to each twentieth part of the remaining 
incumbciit weight. On the tops of lofty mountains water 
will boil much I'ooner than in the plains below. This curi- 
ous fad has been notictd by feveral travclltrs, and was par- 
ticularly obferved by Sauffurcon the fummit of Mont Blanc. 
A dill greater variation would be experienced on the peak 
of Chimboraco, the h’gheft point of the Andes, where 
water would boil w ith a heat fcarceiy fiiperior to that which 
is commonly affigned for the boiliugof fpirits of wine. 

It is therefore evident that, under an augmented preffure, 
all liquids will more (lowly reach the crilis of ebullition and 
wi.l then have acquired a more intenfe heat. Thus water 
may be heated up many degrees above the mean point of 
boiling, if it be fubjtdlcd to the sdior. either of ccndtnftd 
air or of confined Iteam. Such is the principle of Papinas 
Dtgejlcr ; which, being nearly filled with water, is fhut per- 
fedly clofe, and fet on a good fire. As the iteam fo formed is 
prevented from efcaping, it ncccffarily concentratcf, and ex- 
erting accumulated energy, it by its prodigious comprcilicm 
enables the water continually to receive additional heat. 
Nor would this progrefs at all ftop, till the clafiicity of the 
imprifoned vapour comes to furmount every obftacle, and 
burfts the veffcl with terrible explofior. Accidents of that 
fort arc extremely dangerous, and the experiment has conh- 
qiicntly never been pulhed to its utmod practicable limits. 
When the fradture tp.kes place, not only the confined Ueittn 
is liberated, but the preffure being now removed, the cxctfs 
of beat inllantaneoufly converts a pan or the whole of the 
water likewife into lleam, which augments the gentral 
efftdt. This wc may perceive in the burfting of a glafs 
cracker; for the little bafe is fltivered into atoms, and the 
water which it contained is entirely difperfed, beating down 
flat the wick of the candie by the violence of the fudden ex- 
panfivc blafi. 

Hence the boiling heat of a deep cauldron is always rather 
greater than that of a (hallow pan. This txcefs we mi,»ht 
eltimate at nearly one degree of Fahrenhtit, for each foot of 
depth. The heat of ebullition mull alfo rife fomewhat 
higher, if the deam be not allowed to efcapr as fail as it is 
generated ; for which rcafon there may be a fl ght difference 
of energy between rapid and (low boiling. Hence by the 
combined operation of both thefc caufes, water deeply lodged 
in the bow'els of the earth, or concealed under the dark bed 
of the ocean, is capable of acquiring the moll intenfe luat 
from the aAion of fubtcrrancan fires ; a principle of which 
Dr. Hutton has ingenioufly availed himlelf in framing his 
Theory of the Earth. 

But the pofition of the boiling point is likewife modified 
by the influence of chemical attraction. Thus fugar, com- 
mon fait, and other faline fubflances, have all of them 1 
tendency to fix water and retard the crifis of its converfioti 
into elaitic vapour. Strong brine will not boil until it is 
betted up feveral degrees above the ordinary limit. Hence 
t veffei containing freOi water, and immerfed 10 another 
which it filled with brine, will gently boil, while the fur- 
rounding fluid only fimmeilk On the other hind, the addi- 
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ifen oF alcokl renders water more volatfle. In tKe diftil- 
lation of fpiritSi tlw fermented liquor in the copper boih 
always at a lower tempenture, or at fome intermediate point 
between the ebullition of water and that of alcohol. The 
fpirituous fumes which rife carry along with them a portion 
of eraporated water. Hence the neceflity of reftification, 
or repeated dillillations, to procure alcohol in its pureft ftate r 
for the boiling heat is lowered, and cohfequcntly the pro- 
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portion of aqueous admixture is diminilhed, at each fucceL 
livepiocefs. See DtCEsraa, Ebullitiok, FtaE,FLViD| 
Heat, Pressure, Steam, VarouR. 

Boiling of fili mlb foot, is the iirft preparation in order 
to dyeing it. Thread is alfo ioilril in a ftroiig lixivium of 
afhes^ to prepare it for dyeing. 

Boiling is alfo a part of the procefs for bleaching warp 
iinen. 
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IJORINGi the ad of perforating a folid body, or mak- 
ing a liole throughout iu whole length or thicknefs. 

Surgeons fpcak of boring the bones of the fcull, properly 
ca11:‘d trepanning. 

IloRiNC bircbf and other tj-ces, is praftifed in the fpring 
for their juice, called nlfo tappin^r and bleeding. Phil. TrauS 
N 44. p. 880. Sec Be tula. 

Boring, in Farriery ^ an operation formerly praftifed for 
the cure of horfes v/hofelhoulders arc wrenched. The me- 
thod isthu^: they cut a hole through the flein in the middle 
of the fhoulder, and with the fliank of a tobacco pipe, blow 
it as a butcher does a (houldcr of veal ; then they run a cold 
flat iron, like a horfeman’s f\voi*d-blade, eight or ten inches 
tip, betw'een the flioulder blade and the ribs, which they 
call boring ; after tint they burn him round his flioulder 
with a hot iron. This, fays Bartlett, is an abfurd and ufe- 
lefs, as well as a cruel praciice. 

Boring of Caiwn^i^ in Fottndtry, See Cannon. 

Boring of Mqjlsy from top to bottom, is propofedby 
Dr. Hook, as a mcnni of tlrengthcning and preferving 
them ; as this would make them dry and harden the better, 
and prevent their cleaving and craclcing. For want of this 
tlie oiilfide drying, when the ir.fidc does not, the former 
Ihrinks faftcr than the latter j tlie confequcncc of which is 
pi*riudicial. 

Boring, in Mineraloj^y^ a method of piercing the earth 
by a fet of fcooping irons, made with joints fo as to be 
leirgthened at pleafure. The ficilful mineraliit will be 
able lb guefs where a vein of ore may lie, though there 
are none of the common outward figns of it upon the 
furfacc of the earth; and in lliis cafe he has recourfe to 
boring ; the fcooping irons are drawn back at proper 
times, and the famples of earth and mineral matters they 
faring up, arc examined ; and hence it is known whether 
it will be worth while or not to open a mine in the place. 
See Coal. 

Boring, in Rural Economy ^ a praftice fometimes em- 
ployed in order to afeertain the nature of the different ft rata 
that lie beneath the furface foil 5 and alfo for the purpofe of 
difeovering fprings, and tapping them, fo as to draw off the 
water that injures the grounds below, or in the neighbour- 
hood. When this laft objed is in view, boring is generally 
performed in the bottoms of ditches or drains, previoufly 
made in the land, to the depth of feveral feet. See Dr ain- 
IN6 of Land. 

Boring Augre^ an implement employed for the purpofe 
of boring the foil, and letting off water confined beneatn it, 
Icc. See Boata. 

"bowno of Water-fdpes. The method of boring alder 
poles for water-pipes is thus : being furnifhed with poles of 
a fit fixe, horfes, or treffels are procured of a due height 
both to lay the poles, and reft the augre on in boring ; they 


nlfo fet up a lath, whereby to turn the lefler ends of the 
poles, and adapt them to tlie cavities of the greater ends of 
others, in order to make the joint (hut each pair of poles to- 
gether. The outer, or concave part, is called the female, 
end the other, or inner, the male part of the joint. In 
turning the male part, they make a channel, or fmall groove 
in it, at a proper dillancc from the end ; and in the female 
part, bore a Imall hole to fit over this channel ; thew then 
bore through their poles, flicking up great nails at each end 
to guide them right ; but they commonly bore a pole at 
both ends ; fo that if it be crooked one way, they can 
neverthclefs bore it through, and uot fpoil it. Neve ] 3 uild. 
Di6l. in voc. Alder. 

This operation is now performed with a horfc-mlll, as at 
Dorfet Stairs for the New River company. 

Belidor, in his Hydraulics, has defenbed a machine, in 
which a water-wheel is made ufe of both to turn tlie augre, 
and to bring forward the carriage on whi» h ih*^ pipe to be 
bored refts. This machine (fee Tab. II. M.'i 67.) 

is put into motion by the vvater-v/he^l A, in the axis of 
which there 18 a cog-wheel B, that turns tin Janterns C and 
D ; the trundles of D turn two fmall whei Is E and F ; the 
firft of which is vertical and turns the augi-e; the otlnr is 
horiaontal and moves the carriage by means of the two arms 
H and I. H draws the wheel G towards F ; atul 1 pufiies 
it ill a contrary direftion ; and thefe combined actions caufe 
the carriage to advance towards F, and the augre to l^urc the 
pipe. The augre being about twelve f 'Ci long a»:d propor- 
tionally heavy, is fupported by tlic pieces L L; and they are 
prepared fo as to give no obftrndlicm, in tlie following ma:N 
ncr: CC, 61 ).) arc two planks of wood which aie 
faltcncd to the tiinncr-work of the mill; thefe encompafs 
another plank, hung by a cord, at the bottom of which an* 
fixed the pieces with joints ate* and r, and, that thev 
may not move out of the vertical plane, they are joined by 
tenons to the plank a, in which they may work freely : on 
the fide of one of thefe pieces is fixed a fpring, in order 
to hinder them from uniting, by forcing them into a moj tile, 
in J; in this fitiiatioii the two pieces are penetrated with u 
hole through which tlic augre is to pals. Tlie cord i^ 
faftened to the plank as in 69, and jyoes over the two 
pullies hh; at the other end of the cord there is hung a 
weight ft refting on the piece N, which is fupported at one 
end by the piece 0, and fixed to the otlier by a joint to the 
lever K, which has its centre of motion in t)ie piece of wood 
H ; fo that, leaning againft the extremity M of the lever, N 
quits the fupporc O, the weight finks down, and draws 
up the piece a; then the fides W, 68, quit the mor- 
tife df and. the fpring g feparates them : and thus the 
fupporter does not in the leaft hinder the motion of tlie 
augre. 
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BoYtE, Robert, an eminent philofopher, illuflrioni by 
birth, learning, at.d virtue, wbr the yth fon of Richard, 
earl of Cork ; and born at Lifmorc in the county of Cork, 
Fcbrnary 25th, 1726 7. In his infancy he was committed 
to the care of a country mirfc, with intlruftions to bring 
him up hardily, as if he were her own fon; and he thus 
acquired a ftrong and vigorous conftitution, which was 
afterwards enfeebled by too.tender treatment. About the age 
of 3 years, he loft his mother, whom he mentions with great 
ri fp & } and whilft be was under the care of his nurfc he ac- 
quired, hj imitating feme children of his own age, a habit 
of ftuttenng, which was never entirely cured. In his 
father^ houfe he was taught to write a fair hand, and to 
fpe^k both French and Latin ; and at this early period he 
xnanifefted a docility and an invariable regard to truth, 
which very much endeared him to his father, and formed 
diftinguilhing features of his charafter in the progrefs of 
his life. In 1635, when he was about eight years of 
age, he was fent to Eton college, of which fir Henry 
Wotton was then provoft, and placed under the care 
of Mr. Harrifon, to whofe attention and judicious mode 
of inftriidlion he acknowledged himfelf indebted for tbofe 
habits of afliduous inveftigation in which he afterwards 
excelled. At Eton he was sfB fted with an iguCy which 
rendered it advifable to divert his attention from the 
courfe of ftudy which he was purfuing, and to allow 
him to feek that kind of amufement, which the perofal of 
romances might afford him ; but though he wal only 10 
years old, he was fcnfiblc of the irjury produced by this 
kind of defultory reading ; and as loon as he regained his 
health, he fought a remedy for this evil in the fcvercr ftudies 
of mathematics and laborious calculations. After having 
fpchl between 3 and 4 years at E on, he was placed under 

S rivatc tuition for the recovery of his knowledge of the 
^atin language which he had nearly loft; and in 1A38 he 
accompanied his brother Francis on his foreign travels, 
under Ihe care of Mr. Marcorobes. In their route they 

1 )a(red *from Dieppe to Rouen, Paris, and Lyons, and at 
ength fettled it Geneva, where they were dirtfted to 
remain and to purfue their ftudies. The principal objeAs 
of Mr. Boyle’s attention were mathematics, in the prolecu* 
tion of which he found great pitafure ; but befidcs thefe, he 
employed himfelf in the (ludy of rhetoric, logic, and poli* 
tical geography, and in acquiring the external accomplifli* 
ments of fencing, dancing, ficc. At this time fomc inci* 
dents happened, which concurred with his naturally fei^ui 
difpoGtion to diit& his thoughts to the fubjift of religion ; 
and in examining the evidences of the chriftian revelation, be 
obtained full fitiFfadtion, ootwithftarding the doubts and 
difficulties which bad occafienally perplexed hii mind ; and 
was confirmed in hit belief of its truth and importance* 


Having remained a year and three quarters at Geneva, he 
left it in September* 1641, and travtrfjng various parts of 
Italy and Lombardy he arrived ai Venice ; and from Venice 
he proceeded to Florence, where he fpert the winter. 
During his rcfidencc m this city, he acquired a knowledge 
of the Italian langiiagf»; and employed a great part of his 
lime in reading modern hiftory ; and" in acquainting himfelf 
with the new difcoverics of Galiico. who died in the vicinity 
of Florence at the period of Mr, Boyle's abode in this city. 
Towavdft the end of March, 1642, he commenced his jour- 
ney to Rome, viliting the moil remarkable places in his 
route thither; and from Rome, where his flay was fhort, he 
returned to Florence, and from thence he pafled to Leghorn, 
and afterwards to Genoa. Having travelled through the 
country of Nice, and croffed the La to Antibes, he pro. 
ceeded to Marfeillcs, where he exptfled bills of exchange ; 
but, to h’B great mortification, he found a letter from his 
father informing him and his brother, that the rebellion had 
broke out in Ireland, and that it was with confiderable 
difficulty that he bad been able to procure for them a 
remittance of 230I. in order to defray their txpcnccs in their 
return to their owncountry. Biuthr'Ugh the negligence of the 
perfon, to whom (he remittance was entrufted, they received 
no part of this money, and were, therefore, left in a dtftitute 
condition. At Geneva, whither they were enabled to pro* 
ceed by the affiftance of Mr. Marcombes, thtir govcinor, 
they waited two years without receiving any fuppTies; and 
by the difpofal of fome jewels which they took up on his 
credit, as they proceeded on their j >urney homeward, their 
travelling expcnccs were defrayed, and they arrived fafe in 
England about t!:c middle of the year 1644. 0 *^ 

11 rival they received the news of their father’s death ; but 
Mr. Boyle was amply provided for by the bequeft of^the 
manor of Staibridge in England and other eftates in Ireland ; 
and yet on account of the confufioo of the times, he was 
for fomc months unable to procure any money. However 
he was relieved on his arrival by h^sfiftcr the lady Ranelagh ; 
and by her intcreft, and that of his brother lord Broghill| 
bis Englilh and Irilh eftates were ftcured for him. Hr alfo 
obtained leave to. go to France; and having fettled his 
accounts with Mr. Marcombes, he fooo returned. In March, 
1645, he Mired to his manor of Staibridge, and for 3 years 
devoted himfelf to various kinds of literary and fcientific 
purfuits in this place ; and more particulaily to the ftudy of 
natural philofophy and chemiftry. During this period of 
retirement, when he waS about 20 y ears of age, he com* 
menced tint extrnfive correfpondence with the principal 
perfons of his time, which he maintained, with diftin- 
guifhing reputation to hitnLlf and benefit to the world, till 
near the clofe of hia life. In the lift of his firft literarjv friends 
andcorrefpondentay we may enumerate Mr. Francis Tillents, 
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afterwards known to the world ai the author of the Chro- 
nological Tables Mr. Samurl Ilartlib, whom he greatly 
efteemedt and who ia mentioned with peculiar commendation 
by Milton in his ** Trafkatc of Education Dr. William 
Petty ; Mr. John Beale, befides many others. At this early 
age he manifefted his zeal for religion, as well as his candour 
and chriftian charity, by favouring the defigns of Mr. John 
Drury, for tffeding a reconciliation between the Lutherans 
and Calvinifis. He was likewife one of the firll members of 
that learned body, which, after the reftoration, was inc* r- 
porated under the title of the Royal Society, Notwith- 
ftanding the difeafe of the ftone, with which he was aiHificd, 
and numerous avocations which his various connrdiona 
impofed upon him, his application to iludy was affiduons 
and indefatigable ; and before he had attained the age of 20, 
he had completed three treatifes, viz. ** Seraphic Love,’* 
Efluy on miftaken Modefty,” and ** the Swearer lilcnccd,’* 
or •• Fiee difc'^urfe againft fwcaring.” Mr. Boyle was 
diftingoiihed as a promoter of literature and fcience, by his 
patronage of otliers engaged in fimilar purfuits, as well as by 
his* own labour and writings. Accordingly, in 1651, Dr. 
Nathaniel Highmore, an eminent phyfician, dedicated to 
him bis ** Hiftory of Generation,” which was a work at 
that time much efteenrted. Whild he was unwearied in his 
chemical and philofophical inquiries and ezpcriments, he was 
no Icfs attentive to the fubjtd of religion ; a 'd with this 
view be applied to the ftudy of the feriptures in their 
original languages. About the year 1652 he began his 
Effay on Scripture and he continued it during frequent 
interruptions, occafioned by his journies to Ireland at this 
period* Ireland, however, where he ftnut a great part of 

two yeaw, From i6^a to 1654, did not afford favourable 
opportunity for proitcuting the rcfcarches to which he was 
dewed j and, therefore, he employed the time of hif 
contininnce there principally in anatomical diflVdions, with 
the ailiftance of his friend Doftor, (afterwards fir William) 
Peftv. Upon his return to England in 1654, he fettled at 
Oxford, wl>cre he had the advantage of purfuing his experi- 
ments, and where he enjoyed the fociety of many learned 
friends, who occupied different firuations in the univerfity. 
It was during his refidence at Oxford, that he invented, or 
rather improved, the conft ruction of the air-pump (See Air- 
pump); an inflrument, by the life of which he was enabled 
to perform a variety of expiriments, relating to the gravity 
and eltfticity, and other qiialiiies of the air, which entitled 
him to rank amonglt the hrti philofophers of any age. He 
had at this early period of his fcientific career renounced the 
philofophy of Ariftotle. as a fyfbem of words inflead of 
things; and attached to the only juft and efftftual mode of 

I mrfuing philofophical rtfearches by experiment, and fearing 
eft bis mind ihould acquire any improper bias from the 
ingenuity of the author, he declined the perufai of the 
works of Des* Cartes, whofe philofophy was held by many 
in high eftimation. ' Mr. Boyle did not reftrift himfelf, whiift 
be continued at Oxford, to the ftudy of philofophy ; but he 
availed himfelf, in the profccution of facred criticiim, of the 
afliftance of thofe great orientalifts, Dr. Edward Pococke, 
Mr. Thomas Hyde, Mr* Samuel Clarke, and Dr. Thomas 
Barlow, afterwards biihop of Lincoln. His corrcfpondence 
was alfo it the fame time very extenfive ; and was carried on 
for the purpofe of the promotion of fcience with Mr. Henry 
Oldenburgh, afterwards fecrctary to the Royal Society, 
Dr. John Beale, John Evelyn, efq. Dr. John Pett, and Dr. 
John Wallis, who honoured him with the dedication of hit 
excellent treatife ** De Cydotde, et corportbui inde genitii*** 
In 1659. as foon as he was made acquainted with the dif- 
frfnvd circiimftances of Dr. Robert Sanderfon, afterwards 


bi/hop of Lincoln, who had been deprived of his prefer- 
ments on account of bis attachment to the royal caufe, he 
fettled upon him an annuity of fifty pounds a year; a favour 
which was reip' d.^ully acknowledged by the dodtor in his 
dedication of Ten lectures on cafes of confcience,” deli* 
vered in Latin in 1647, and printed at Oxford in 1659. 

After the reftoration in 1660, Mr. .Boyle was treated 
with great refp & by the king, and alfo by the lord-trea- 
furer, lord Southampton, and lord chancellor Clarendon; 
and by the latter he was urged to enter into holy orders. 
Having coniidered the propofal with due attention, his pious 
fcruples determined him to decline the clerical office. In 
this year he publiOied his ** New experiments touching the 
fpring of the air;” which involved him in a controverfy 
with Francifcus Linus and Mr. Thomas Hobbes, and to which 
be annextd a defence in the edition of 1662; and alfo his dif- 
courfe ” On feraphic love.” Mr. Boyle’s reputation had 
at this time extended itfclf to foreign countries ; fo that 
the grand duke of Tufeany commuoicated to him by Mr. 
Southwell, then refident at Florence, his wifh to corrrfpond 
with him on philofophical fubjidts. In j66t he publifhed 
his ** Pbyiiological eftays, and other trad^*);” and foon after- 
wardfl his ” Sceptical chemift.” Other treatifes, to which 
he refers in this publication, and which were in great for- 
wardnrfs, were u. fortunattly loft at the time of the great 
fire of London* In 1602, a grant of the forfeited impro- 
riations in Ireland was obtained from the king in his name, 
ut without his knowledge ; and they were applied by him 
to the promotion of religion and learning. He was alfo 
appointed governor of the corporation for propagating the 
gofpel in r^w England ; and in this office he was aiftive and 
fuccefsful in reftoring in eftate, of which they had beet 
deprived by Col. Bcdingfield, a papift, although they had 
given him for it a valuable confideration. In the conduA 
of the concerns of this inftitution he was, in other refpedl), 
eminently ufcfiil. When the Royal Society was incorporated 
in 1662, Mr. Boyle was appointed one of the council ; and 
as he may juftly be regarded as one of the founders of this 
fociety, he continued through life one of its moft ufeful and 
induftrioiis members* In the following year he publilhed 
his ** Cortiiderations on the ufcfulnefs of experimental phi- 
lofophy his ” Experiments and confiderations upon co- 
lours,” with Obfervations on a diamond that fiiines in the 
dark;” and ** Confiderations on the llyle of the holy ferip- 
tore,” extra^l'.d from a larger work, entitled ” An eflay on 
feripture,” publiihed after bis death by Mr. Peter Pett, at- 
torney-general for Ireland. In 1664, Mr. Boyle was elefted 
into the company of royal miners ; th'snew conncdlion, and 
other engagements of a benevolent and public nature, pre- 
vented his publiftiing any treatifes, either on religion or phi- 
lofophy, in this year. But the year 1665 produced his 
Occafional reflrftions on feveral fubjr6ls;” to which is 
prefixed, **.A difeourfe coxcerning the nature anft ufe of 
fucb kind of writings.” This piece» which bad been writ* 
ten by Mr. Boyle in his youth, and at various intervals, was 
ludicroufly attacked by Dr. Swift in bis ** Pious medita- 
tions upon a broomftick, in the ftyle of the honourable 
Robert Boyle.” How far Mr. Boyle pofiefied in bis voutb, 
or acquired in his maturer years, a corrcA tafte and ftyle of 
writing, particularly in works of imagination, it is now 
needlefs to inquire ; it is fufficient to obferve, that no at* 
Uck on the part of Dr* Swift can affed the fame of this 
diftinguifhed perfon, either as a man or a philofopher. In 
this year Mr. Boyle, Befides fome communications to the 
Royal Society, printed in the PhtbrophicalTranfadtonSipub* 
lifted ** Ex^riments and obfervations relafive to an expe* 
rimental hiftory of cold, with feveral pieces thereunto an* 
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nexed t work well received at the time, and containing a 
variety of obfervations and fafts that have been ufeful to 
thofe whO| in more modern times^ have direfted their atteo* 
tion to this interefting fubje6^. Towards the clofe of thia 
veart bis majefty appointed Mr. Boyle provofl of Eton col- 
lege; but he declined accepting this honourable and lucra- 
tive office, becaufe he did not wifh his ftudies to be inter- 
rupted, and becaufe be thought it more fuitabie to a perfon 
in holy orders. 

About this time Mr. Valentine Grcatraks, an Irifli gen- 
tleman of good family and competent fortune, and of a fe- 
rious difpofition inclining to melancholy, perfuaded himfelf 
that he poffiffed the power of curing difeafes by ftroaking. 
In fome cafes he fucceeded, but in others he failed Hit 
performances, however, were fo extraordinary, that they ex- 
cited very general attention; and an account of them waa 
publilhed, by Mr. Henry Stubbs, in a letter entitled The 
miraculous conformiil, and addrefled to Mr. Boyle. 
To thia letter Mr. Boyle replied; but his anfwer was not 
publiihed lilfeighty years afterwards, in Dr. Birch's account 
of his life. Ncvcrthclcfsj'ihc lentimcnis and refieftions con» 
tained in it were probably communicated to his friends ; and 
though they were expreffed with a caution, candour, and 
judgment, that did him great honour, they were thought to 
countenance what fome perfons deemed a deception, or the 
mere effects of cnihufiafra, and they produced a controverfy 
of fome continuance. As far as Mr. Boyle was concerned 
in this bufinefs, it will be fufficient to obferve, that, firmly 
believing the actual cxcrcifc of thofe miraculous powers 
which attefted the truth and divine origin of chriliianity, and 
admitting, in coolequence of the extent and variety of hit 

fefetrehes into the operations of nature, the reality of fafts, 
which he could not immediately reconcile by analogy to the 
fmall aggregate of human acquifition, the letter, haftUy 
written by him in reply to Mr. Stubbs, did not at all dero- 
gate from his charader as a philofophcr, or as a man of ra- 
tional piety. He neither denied nor admitted the exigence 
of the miraculous power aferibed to Mr. Gi catraku ; but 
allowing the fa£l8, he propofed a variety of iiiferenoes and 
queries, which demanded difeuflion ; and in the whole of 
tnis controverfy he conduAcd himfelf in fuch a manner as 
to avoid perfonal cenfure from any of the difputattts# See 
Stroaking. 

In 1666 Dr. Wallis addrcfTcd to Mr, Boyle ** hypo- 
thcfis about the flux and reflux of the lea,'* printed in 
N** xvi. of the Philofophical Tranfattions ; and Dr. Syden- 
ham dedicated to him nis “ Methodus curandi febres, pro- 
priis obfervationibus fuperftruffa." His own publicatioiis 
in this year were Hydroftatical paradoxes The ori- 
gin of forms and qualities, according to the corpufcular philo- 
sophy, illuftrated by experiments and fevcral papers com- 
municated to the Royal Society, and printed in the Pbilo- 
fophical Tranfadtions of that period. In the difputc that 
occurred in the cftablifhmcnt of the Royal Society between 
the adherents to the Ariftotclian or old philofophy, and the 
advocates for the new method of philofophifing by experi- 
ments, Mr. Boyle took a decided part with the latter ; but 
without incurring cenfure or reproach from llie moil violent 
of the oppofite party. About this time Mr. Boyle removed 
to Lonaon, where he afterwards relidcd, VC17 much to the 
advantage of the Royal Society, which he countenanced by 
his perfonal prefcncc and philofophical communications ; as 
well as of the caufc of fcicncc in general. 

In i 66 ^i he pnblifhed his “ Continuation of new exper^ 
snents touching the w»cight and fpring of the air,'^ to which 
he annexed ** A difeourfe of the almofphcrcs of coniiitent 
bodies and alfo A difeourfe of abfoiutc red in bodies 
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together with other hydroftatical pieces fubjoined to his 
larger works : and in the fame year nc revifed fcveral of hia 
former trails, which had been cranflated into Latin for the 
benefit of foreigners- In the following year appeared his 
treatife Of the cofmical qualities of things," containing 
a variety of interefting fa^s and obfervations ; and fevers 
papers, communicated to the Royal Society* At this time 
his ftudies were interrupted by a ftrokc of the palfy, the 
cfFefts of which were removed by a ftriA attention to a pro- 
per regimen ; fo that he foon returned to his labours. In 
1671, he publiihed a fecond volume of ** Confiderations 
touching the ufefulnefs of experimental philofophy," and 
TraAs of a difeovery of the admirable rarera6fion of the 
air, dec. and in 167 a appeared his “ Eflay conceding the 
origin and virtue of gems,** 8vo. ; his ** Trafts, containing 
new experiments touching the relation between flame and 
air, and various other interefting fubje£ts chielW relating to 
tile ftatical adion of fluids;" and, in the rhilofophical 
Tranfadlions, Obfervations on fhining flclh," and a paper 
on the effefts of the varying preffure of air. In 1673 
publiihed ‘‘ ElTays on the ftrange fubtlcty, great efficacy, 
and determinate nature, of cffiuviums ;** ** Experiments on 
the weighing and coercion of fire and flame," 8vo.; and ** A 
letter concerning ambergris," communicated to the Royal 
Society. In 1674 appeared a collcdlion of Tracts on 
the faltnefs of the fea ; on a ftatical hygrofeope ; on the 
natural and preternatural ftatc of bodies, and on the pofitivc 
or privative nature of cold," 8vo. ; “ The excellency of 
theology compared with natural philofophy," 8vo, ; “ Trails, 
containing fufpicions about the hidden qualities of the air : 
aaimadverfions upon Hobbes’s problem concerning a va- 
cuum ; and a difcoiuTe of the caufc of attra^ion by fue- 
tion," 8vo. ; and in thiiiycarhc communicated to the editor 
of the Philofo|>]»ical I'ranfadlioi.R, ‘‘ An account of the 
two forts of Helmontian laudanum.** In 1675 he pub- 
liihed “ Some coulrderations about the rcconcilcablencfs of 
rcafou and religion," by T. E. a layman ; to which is an- 
nexed, by the publiilur, “ A difeourfe of Mr. Boyle about 
the poffibility ol the rtfurrc^lion," 8vo. T. E. arc fiip- 
pofed to be the final letters of his own name, as both thefe 
tradls arc afcribccl to him. In this year he communicated 
to the Royal Society four papers, which appear in the 
Tranfa^lions ; “ On the air-bladders of fillies ;** “ A new 
eflay inftrument “ New experiments touching the fpring 
of the air, &c. ;" and “ An experimental difeourfe of 
quickfilver growing hot with gold.** In 1676 he publiihed 
** Experiments and notes about the mechanical origin of 
particular qualities,** in which he treats of alkalis and acids, 
heat and cold, tattes, odours, volatility, fixity, corrofivc ac- 
tion, precipitation, magnet ifm, and eledl licit y ; and he alfo 
communicated to the Royal Society two papers on the con- 
figuration of the furfaces of fluids in contaft with each 
other. 

Mr. Boyle, having been for feveral years an active and 
ufeful direftor of the Eaft-India company, wilhed to avail 
himfelf of his office for propagating the gofpcl in thofe re- 
mote parts to which their commerce extended : and with 
this view he caufed 500 copies of the four gofpels and a6ts 
of the apoftles to be printed at Oxford, in the Malayan 
tongue, under the direction of Dr. Thomas Hyde, and to 
be Tent abroad at his own cxpcnce. For liinilar purpofes 
of piety aud benevolence, he had tranfmitted, about three 
years before, feveral copies of Grotius’s treatife De veri- 
Utc Chriftianse rcligionis," tranflated into Arabic by Dr* 
Edward Pocockc, into the Levant. 

In r677 a mifccllancous colledtion of his works, defec- 
tive, and badly arranged, was printed in Latin at Geneva. 
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In the following year he communicated to Mr. Hook a 
Short memorial of fome obfervations made upon an arti« 
ficial fubttance that (bines without any preceding illullra* 
tion/’ which was publi(hed in that philofophcr’s ** Cutle* 
rian lef^ures :** this fubflance was the phofphorus of urine. 
In this vear he alfo ptibHfhed his ** Hidorical narrative of 
a degradation of gold made by an anti-elixir,*’ 4to. t and be 
received a tribute of fingular reiped, in. a letter from the 
great Newton, laying betore him his fentiments concerning 
an ethereal hnedium, which he afterwards propofed, in hS 
Optics, as the mechanical caufe of gravitation. In the year 
1680, he pdblifhed The aerial noailuca,” 8vo. ; and ** An 
account of a new lamp,” in Hook’s Philofophicad Collec- 
tions ; and he improved the fecond edition of his ** Scepti- 
cal Chymiil.” Some perfons have very unwarrantably af- 
ferted, that Mr. Boyle affumed to himfelf the invention of 
phofphonis, after having purchafed the fecret of Kraft* 
^is calumny is refuted by his own narrative, in which he 
difeuffes the claims of Brand, Kunckel, and Kraft, and 
acknowledges the advantage which he derived, in the profe- 
cution of ms inquiries, from the information communicated 
to him by the latttr, that the (hining fubftance was obtained 
from a matter belonging to the human body. From the 
narrative it appears, that the aerial noAiluca was an aoueous 
folution, or Jilturion of phofphorus, obtained by diiiillation 
from putt id urine in an experiment where his retort failed $ and 
which did not prove altogether fuccefsful. At the annual elec- 
tion of officers for this year, Mr. Boyle wasele^fed prefident 
of the Royal Society ; but having objeftions of delicacy with 
regard to the official oaths that are required, and for fomc 
other reafoni, he declined accepting the honour. At this 


time he contributed veiy libcmlly to the publication of Bur- 
net’s litdory of the Reformation, as the author acknowledges 
in his preface to the fccond volume. It was probably about 
the begiuniiig of the year 1681, that he exerted himfelf for 
) roinoting the propagation of the gofprl among the In- 
dians ; as his letter on this fiibjed was a reply to one from 
Mr. John Elliot, of New England, dated Nov. 4, 1680. 
From this letter, which is preferved by Dr. Birch, it appears 
that he was a declared enemy to periccution on account of 
religious opinions. In this year (1681) he piiblilhed his 
l 5 ifcourfc of things above rcafon and in the following 
year, ** New experiments and obfervations made upon the 
icy noftiluca,” 8vo. ; and alfo a “ Coneimiation of new 
experiments phyfico-mechanical, touching the fpriug and 
weight of the air, with a large appendix.” It appears that 
his icy nodtiluca was the folid phofphorus, which at Hrft he 
found fome difficulty in making ; but from a paper left 
with the fccretary of the Royal Society, to be opened after 
his death, which was ntvcrthelefs communicated to his 


friend Dr. Beale during his life, we find that he evaporated 
urine by diflillation tiil it acquired the confidence of fyrup, 
then mixed it with filiceous fand, and didillcd by a (\roug 
heat into a refervoir containing water. See Phosphorus. 
In 16S3 he wrote a letter, fandioning and encouraging 
an undertaking of Mr. Fitzgerald for rendering fca-water 
frefhi and in the fulluwtiig year, he publiflicd his ** Natural 
hiftory of human blood,” and his Experiments and con- 
iideratioQs about the porofity of bodies,” both in 8vo. 
From a letter addreffed to Mr. Bo]rIe in 1684 by the learned 
Dr* Codwonh, it appears how highly he appreciated his 
talents and labours. After recommending a colle^ion of 
his fcvcrid treatiies, he concludes in tbefe terms : You 


have much outdone Sir Francis Bacon in your natural expe- 
riments ; and you have not infinuated any thing, as be is 
thought to have done, tending to irreligion, but the con- 
trary.” Tlie year 1685 produced bis ** Short memoirs for 


the natural experimental hi (lory of mineral waters,” and an 
Efl'ay on the great cffctf^s of even languid and unheeded 
motion ;” to which is annexed an Experimental difeourfe 
of fome hitherto little regarded caufes of the falubrity and 
iiifalubrity of the air,” avo. In the courfc of that year 
appeared in the Philofopliical TranfaClions, An account 
of a ilrangcly ftlf-moving liquor,” which was a compound 
of oils and bitumens, the ingredients of which, though 
known to himfelf, he has not fpecilied ; and alfo a diftind 
treatife ** On the reconciltablciiefs of fpecific medicines to 
the corpufcular philofopliy, to whicli is annexed, a difeourfe 
ifbout the advantages of fimple medicines,” 8vo. Befides 
thefe philofophical tradts, he prefented the world in this 
year with a theological treatife, entitled, ” Of the high 
veneration man’s iatelledt owes to God, particularly for his 
wifdom and power,” 8vo. The only work that appeared 
in 16S6, was his ” Free inquiry into the vulgar and re- 
ceived notion of nature.” This treatife was much d mired 


by the advocates for pure religion and found philofophy ; it 
was tranflated into Latin, and reprinted in the following 
year ill lamo. In this year, 1687, he publilhcd a work, 
written in his youth, entitled ” The martyrdom of Theo- 
dora and Dydimia,” and iivc decades of “ Choice remedies,” 
to which when the work was reprinted in i6c)2, five more 
were added. In j688 appeared ” A difquifition about the 
final caufes of natural things ; wherein it is inquired whe- 
ther, and if at all, with what caution, a naturaliil fnonld admit 
them ; to which was fubjoined, by way of appendix, “ Some 
uncommon obfervations about vitiatea fight.” About the 
beginning of tliis year our author found it expedient to 
apprize tlie public, by way of preface to his mutilated and 
unlini(hed writings, and as a general apology for the (late in 
which they appeared, that fomc of his papers had been 
ftolcn from him, and that others had been deftroyed by cor- 
rofivc liquors. The decay of his health, and the dci*ange- 
ment of his affairs in Ireland, obliged him to diminifh the 
number of his communications to the Royal Society, and 
induced him to rcfign the office of governor of the coipo- 
ration for propagating the gofpel in New England. From 
other arrangements with regard to his private affairs, Isia 
papers, and the number of vifits which he received, it appeared 
that he was not without apprehenfions of an approaching 
change. The lime, however, which he thus referved to 
himfelf, be induilrioufly improved ; as he availed himfelf of 
it for colleAing various elaborate procelTcs in chemiilry ; 
which, as^we are informed in a letter preferved by Dr. Hirch, 
” he left as a kind of hetmetic legacy to the Itudious dif- 
ciples of that art.” This collcdlion he committed to the 
care of a friend, enjoining him to impart it to the public 
faithfully, and without envy, verbatim in bis own expref- 
fions. This friend is unknown, and the work was ne%*er 


publifhed. From many circumftances, however, we are led 
to conclude, that Mr. Boyle concurred, with many other in- 
genious alchymills of the age in which he lived, in believing, 
what is now rtjedled as a groundlefs opinion, the poflibility 
of tranrmiiting the bafer metals into gold ; and hence, pro- 
bably, he was led to take pains in procuring, in i68p, the 
repeal of the llatute of the ^th of Henry IV. againil the 


repeal of the llatute of the 5th of Henry 
multiplying of gold and filver. 


In 1690, he piiblilhed his Medicina hydroffatica, or 
hydrollatics applied to the materia medica,” 8vo. wMth the 
proinife of a fecond volume, which never appeared $ and 
** The chriftian virtuofo, (hewing, that by bet^ iddiAed 
to experimeiitai philofophy, a man is rather afufted, than 
indifpofed to be a good chriftian a fecond part of which 
waspubli(hed in an imperfedl (late, after his death. In 1691, 
he communicated to M. de la Croze, ” An account of fome 
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obfervatidii8 made in the g^at congregation of water8» by 
lowering down bottles into the fca 600 feet from the fur- 
face,” which was printed by that author in the Hiftory 
of learning.” Mr. Boyle's laft work, publi&cd by him- 
felf, was his «« Experimenta ct obfervationes phyficK to 
which is added “ A fmall coIle£lion of ftrange reports,” 8vo. 

In July of this year, Mr. Boyle executed his lafl will, 
and in the fucceeding months his health rapidly declined. 
On the 23d of December, he loft his lifter, lady Ranelagh# 
to whom he was affedlionately attached, and within a week 
afterwards, viz. on the 30th of December, 1691, he dc- 
parted this life, in the 65th year of his age, and was in- 
terred at the upper end of the fouth fide of the chancel of 
St. Martin's in the fields, near the remains of his lifter, 
with w^hom he had lived for the greateft part of 47 years. 
His funeral fernion was preached by Dr. Burnet, bifhop of 
Salifbury. 

Mr. Boyle’s poftliumoiis works are as follow : i* ” The 
general hillory of the air, defigned and begun,” 1692, 4to. ; 
2. “ Medicinal experiments, or a collection of choice re- 
medies, for the moft part Ample, i«id caAly prepared,” 
1692, i2mo ; 3. “ General heads for the natural hiftory of 
a country, great or fmall, drawn out for the ufe of tra- 
vellers and navigators,” 1692, i2mo.; 4. A paper of 
the honourable Robert Boyle's, depofited with the fecreta- 
ries of the Royal Society, OCt. 14, 1680, and opened Ance 
his death ; being an account of his making the phofphorus, 
&c. Sept. 30, 1680;” 5. “ An account of a way of ex- 
amining waters, as to frefhnefs or faltncfs;” 6. A free 
difeourfe againft cuftomary fwearing, and a diftiiafive from 
curfing}'' 1695, 8 VO. 7. Medicinal experiments, or a 

colledion of choice remedies, chiefly Ample and eafily pre- 
pared, ufed in families, and Ac for the fervice of the coun* 
try people ;” the ed and laft volume publiftied from the au- 
thor's original MSS. A colic Clion of all Mr. Boyle's 
works was publiftied in 1744, in 6 volumes folio, with a 
life preAxed, by Dr. Birch ; aid in 6 vols. 4to. in 1772. 

Mr. Boyle, as to his perfon, was tali and Acndcr, and of a 
pale and emaciated countenance. His conftitutton was fo 
delicate, that he regulated his cloathing by a thermor^ettr : 
and he was occaAonally fubjcCl; to fuch debility of body, 
fuch painful paroxyfms of the (lone, and fuch deprefflon of 
fpirtts, that we may be well aftoniftied at the tiunibcr and 
variety of his fcientiBc and literary performances. How. 
ever, to the fimplicity of his diet, and the ftriCI teo^ersnee 
which he obferved, we may reafonably aferibe the degree 
of health wh*ch he enjoyed, and the length to which his 
life was protraC^^d. His fpeech was flow and deliberate^ 
and fubjedt to heAtation ; in his converfation he was unaf- 
fuming, never d.ftating his own opinions, or urging his ob- 
jeflioatto thofe of others with conAdence, but rather pro- 
pofing them as topics of inquiry and difeuflion ; and in his 
manners he was Angularly mild and courteous. Although 
he was a favourite at court, and indulged in free intercourfe 
with three fiiccefiive fovereigns, viz. Charles II. James II. and 
Willtaoi III., he never diiguifed his fentiments with re- 
gard to public men and meafures | but he took no 
aftive part in the politic! of the eventful timea in which he 
lived, preferring the purfuits of philofophy, and the re- 
tirement which beft fuited his infirm frame and religious cem- 
per. To the rank of a peerage be never afpired. but re- 
fafed it whenever it was offered to him. ^ One of the moft 
prominent features of his chsrader, was his Ancere and un* 
aflTc&cd piety. This was eaempltfied in all his writings, 
and in the wnole courfe of bis life. Of his firm attachment 
to Chriftiaottyt and of his folicitude^ for vindicating its 
troth, and eatcoding the knowledge and infiaence of it, he ex- 


hibited many fubftantial proofs, both whilft he lived, and 
at his death. Befides the tranflation of the go^els and 
book of sfts into the Malayan language, and of Grottua’s 
treatife concerning the truth of the Chriftian religion into 
Arabic, which we have already mentioned, and which war 
conduced at his own ex pence, he propofed an impreffion 
of the New Teftamcnt in the Turkim language; and when 
the Turkey company undertook it, he liberally coutributed 
towards accomphihing it. A tranflation and edition of the 
Bible in the Irifli language coft him 700!. ; and he de- 
frayed a coufidcribie part of the charge attending an im- 
preffion of the Welfh Bible, and of the Irifh Bible for 
Scotland. He gave, during his life 300!. towards propa- 
gating the Chriftian religion in America ; and as foon at 
he heard that the Eaft India company were projtdiing a 
Amilar defign in the Eaft, he fent a donation of i^l. by 
way of example and encouragement in the profecuuon of 
the feheme. Of the impropriations belonging to his eftates 
he ordered confiderable fums to be given to the incumbents 
in thefe pariftirs, and even to the widows of thofe who had 
died before this diftribution of his bounty. This he did 
twice during his life to the amount of 600I., and be ordered 
another diftribution as far as his eftate would bear, by his 
will. In other refpeAs, his charities were fo numerous and 
ex ten A ve, that they amounted, as bifliop Burnet informs 
ais, from his own knowledge, to upwards of loool. per an- 
num. The annuity cftabliflicd by his will for providing a 
feries of leAurea in defence of Chriftianity, affords further 
evidence of the benevolence of his temper, and of his con- 
cern for promoting the interefts of religion. See Boylb*s 
Liduret. His zeu io the caufe of religion, though it was 

ardent and aftive, was free from the leaft tindureW bigetiy 
and intolerance. Whilft he adhered to the eftablifhed 
church, he entertained the moft undiffemblcd charity to- 
wards all who differed from him in opinion : nor did be ever 
exprefs himfelf in ftrange r terms, and with a greater de- 
gree of indignation, than when be condemned every kiiid 
of ft verity and perferution in the proviore of religion. 
Bnrnet in his funeral eulogy informs us, that his know- 
ledge comprehended Hebrew and the other Oriental lan- 
guages, the writings of iHe moft eminent fathers, commen- 
taries on the fciiptures, religious controverAcs, and the 
whole body of divinity. He reprefents him as being ac- 
quainted with the whole compafs of the mathematical fei- 
ences, and as well verfed even in the m .ft abftrufe parti of 
geometry. Geography, navigation, ai.d books of travels 
he had recourfe to for the relaxation of his mind, and the 


amufement of his intervals of Icifure. Of his knowledge 
with regard to fubjefts of natural hiftory, chemiftry, and 
experimental philolophy, his various refearches and difeo- 
veries, recorded in his numerous publications already re- 
cited, afford ample evidence. Mr. Boy e, indeed, poffeffed 
in an eminent degree thofe qualities , which juftify his being 
ranked among the firft pKilofophers of any age or country. 
He was diftinguiibed by the comprehcnfion of his views, and 
the extent and variety of his refcarches, by indefatigable dili- 
gence and invincible perfeverance in his colledion of fads 
and inveftigation pf their caufes, by a total freedom from 
any preconceived attachment to theories and fyftems, by 
candour in difeuffing the opinions of others, and by Adclity» 
modefty and perfpicuity in the narration of his own pw- 
formances. Mr. John Hughes might well fay of him 
(Spedator N^ 554), after obferving that he was bom the 
uiine year in which lord Bacon died, th 4 t he was the p^- 
fon dcfipicd by uature to fucceed to the labours and io- 
quiries of that eztraordinaij genius. It would beendlefa 
to recount the teftimonies in commendation of him,, thnt 
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might be colleAcd from the writings of the moft illufttioui 
foreigners, and of the bed judges of his merit in our owa 
country. It will be fulHcient to fay, that he it uniformly 
ranked with Bacon and^Newton; that his refearchet and 
experiments have led the way to many modem difcoveriei 
both in philofophy and chemillry : and that hit writingi 
will ever be held in high eftimation by every friend of fci< 
eoce. They cannot be read/' fayi one of hit biogra* 


phert, " without improvement | and in thefe alone, if na 
life of Boyle had ever been written, the reader vrould be* 
hold a man truly defervinj^ of the affefiion, the efteem, and 
the admiration of fueceeding aget." Boylr't account of 
hifflfelf, under the name of Philocetus. Birch's life of 
Boyle, prefixed to hit works. Burnet's funeral fermon. 
Bio;. Brit. Birch's Hid. of the Royal Society. Phil. TranL 
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BRASS, or Latten, Laiton Jaunty Fr. ; Mej^g Cr. 
This very importanc alloy is a mixture of copper Itid line in 
various and uncertain p^^oportions, fo intimately i|iiue4 as to 
form a homogeneous malleable yellow metil, appiiciMk to i 
vail variety of purpofes in the arts^ and cipabkof being 
wrought in various ways with the greateft facility* 

Mere fufion will fcarcely produce a pcrfcA union bttweett 
copper and zinc ; for the latter metal, being highly volatile 
and combufliblci readily takes fire, and burns off al i heat 
neceflary to melt the copper; and hence, when the tietali 
are (imply melted together, before an uniform alloy can ht 
obtainedf the proportion of zinc is every moment feSening* 
by its volatilization, and would continue to fly offinthia 
manner, by the continuance of the fufion, till at laft fcarcely 
any thing but the copper would be left behind. Id order, 
therefore, to combine copper with as much z'nc as it can 
take up, fo as to retain its malleability, the very ingenioua 
procefs of dry cementation has been rcfortcd to in the msnn- 
fafturc of brafs, which is performed by ftrongly heating 
fmali pieces of copper in clofc vcffels with ziuc m the ftate 
nearly of vapour, whereby it is thoroughly penetrated with 
the zinc, and unites with it into a perfect alloy. 

Z'nc being a* volatile metal, it can only be procured from 
its ores by fubhmation ; and the procefs of obtaining it 
(which will be dtferibed at length under that article), is to 
heat Prorgly a mixture of the native oxyd with charcoal to 
a ciofc veifel, with no other exit for the vapour than a tube 
dipping its further end in water* As foon as the charcoal 
reduces the oxyd to the metallic ftate, the zinc rifes in va- 
pour, pafTes through the tube, and is condenfed in the wa« 
ter* A fimilar r^dtiAion takes place in brafs making, onlyt 
inftead of conveying the vapour of the zinc out of the erti* 


ciblf , in which it is formed, copper is inclofcd in the fame 
veflll, which being then thoroughly heated, readily abforba 
the zinc as foon as reduced to the n elallic ftate, fixes it, 
contraffls a very intimate union with it, and the refult is 
perfeft brafs. 

Brafs is made in many countries, hut no where more exten- 
fively and better than in England, in which both the mate- 
rials are in great abundance. I'he ores of zinc are feveral 
fpecies of ealaminet and of blende termed by the mineri 
tlaci jaclt which are found abundantly in Devonftiire, Der- 
by (hire, and North Wales, accompanying the lead ores, and 
in other places. Thefc are chiefly oxyds or carbonated 
oxyds of zinc, and requTc a previous calcination before 
they arc fit for bnif^ n-iiking. At Holywell, in Flintfhire, 
the calamine,^ which Ir recciv.d raw from the mines in the 
neighbourhood, is ftrft p .nndrd in a (lamping mill, and then 
waihed and fiftcd, in ordtr to feparate the lead with which 
it is largely admixed. It is then calcined on a broad (hallow 
brick hearth, over an oven heated to rednefs, and frequently 
ftirred for fome bours ; or, in feme places, a conical pile ii 
conrpofed of hmizonial i^^ers of calamine slterniting with 
layers of charcoal, and the lowett layer is of wood in large 
pieces, with intervals hft lor the draught of air through the 
centre of the pile, to maiiiiain the coinbuftion thoroughly. 

The calamine being fully calcined is then ground in a 
and mixed at the fame time with about a third or fourth part 
of charcoal, or in fomt places with pit-coal, whidi laftf 
however, injures the malleability of the brafs. This mix- 
ture is then put into ktge cylindrical crucibles, along with 
alternate layers of fmall bits of copper, confifting either of 
the clippings of copper pistes, or of copper (hot, made by 
melting any refufe pieces of this metali a^ pouring it into 
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cold water, winch dwides it into very fmall rounded (hotdike 
fragments. Powdered charcoa) is put over all, and the 
crucibles arc covered and luted up. The brafs furnace has 
the form of the fruilum of a hollow cone, or a cone with 
the bafe downwards, and the apex cut off horizontallr. At 
the bottom of the furnace is a circular grate, or perforated 
iron plate, coated with clay and horle-dung, to defend it 
from the a£tion of the fire. The crucibles ftand upon the 
circular plate, forming a circular row \vith one in the mid- 
dle. The fuel, which in England is coal, is thrown round 
the crucibles, and is thrown into the furnace at the upper 
part of it, or the truncated apex of the cone. A perforated 
cover, made of bricks or clay, and kept together by iron 
bars, is fitted to this opening. This cover ferves as a regiftcr 
to regulate the heat ; lb that when it is to be increafed, the 
cover is to be partly or entirely removed, and a free draught 
admitted to the external air, which pafTes along an under- 
ground vault to the a(h-hole, through the holes in the circu- 
lar grate betwixt the crucibles, and through the upper 
mouth, along with the fmoke and flame, into an area, where 
the workmen ftand, which is covered by a large dome with 
a chimney to conduA the fmoke out of doors. To diminifh 
the heat, the regifter cover is put on the mouth of the fur- 
nace, leaving thereby no other exit for the fmoke and flame 
than the holes of the cover. The time requifiie for heating 
the crucibles varies conflderably in different works, being de- 
termined chiefly by the nature of the calamine or other ore 
of zinc employed, and alfo by the fize of the crucibles. In 
the great way, at Icaft ten or tw^slve hours are required. At 
Holywell about twenty hours arc employed. 

jDuring the proctfs, and erpecially towards the latter end, 
part of the reduced zinc which efcapes, being nbforbed by 
the copper, finds its way in vapour through the crucible 
lids, and burns around them with the beautiful blue flame 
and white fmoke peculiar to this volatile metak 

The heat required for brafs-making is fomewhat Icfs than 
what is nccciTary to melt copper, for brafs is more fufible 
than copper, and the zinc is able to penetrate copper when 
kept at a full red heat. When the brafs is judged to be 
made, the heat is increafed to fufe the whole down into one 
mafs at the bottom, and the crucibles are then removed, and 
the melted brafs poured out into moulds. At Holywell, fix 
crucibles are ufed to one furnace; and the ouantity of brafs 
procured from them all is fufficient to fill one of them. 
This makes a fingle large brafs plate, which is manufa 61 ured 
in the fame way as copper plate. Or, more accurately, from 
forty pounds of copper and fixty pounds of calamine, about 
fixty pounds of brafs are obtained, befides that a coniider- 
able quantity of ainc bums off » tlik procefs above-men- 
tioned. 

The above is the ufual procefs of making brafs in moft 
parts of England, and is effcntially the fame wherever this 
alloy it manufactured, but with fome variation as to the 
choice of ingredients, their proportions, the time of fufion, 
and other fmaller circumftancet. In Collar in Saxony, in- 
ftead of a native calamine, the cadmia^ or fublimed ox yd 
of zinc is ufed, which is coHeded in a particular part of 
ike ebimnies of the reveiberatory furnaces, in which the 
lead ores and bkndcs are roafted. The proportions of the 
ingredients alfo vary confiderably. According to Sweden- 
borg, they arc, in Goflar, 30 pans of copfw, 40 to 45 of 
cadmia, and twice the volume of charcoal | in many of the 
aaanufiidones in France, 35 of copper, 3^ of old brafs, 
40 of calamine, and 20 to ay of charcoal ; m Sweden, 50 
copper, 20 to 30 of old brafs, and 46 of calamine, with 
charcoal fufficient ; or 40 of copper, 30 of old brafs, and 
(Ko ot calamine ji in. thii country, generally about 40 of 


er, and of calamine. The produA of brafs varies alfi> i 
ut it feems to be in few places fo great as in fome of the 
works of England, where, as alit'ady menttoneil, 40 pounds 
of copper increafe to 60 pounds of brafs. This fuperior 
quantity is aferibed to the fmalliiers to which the copper is 
previoufly reduced by pouring it melted into water, which. 
It feems, ia not always pradlifed elfcwliere, and probably 
too to the goodnefs of the calamine. 

At Stolberg, near Aix la Chapellc, where brafs is made 
to a very great extent, the furnaces are cylindrical, and each 
contains eight crucibles an*anged in two tiers of four each. 
The crucibles arc fifteen inches liigh, twelve inches deep, 
and eight or nine wide. The proportions are 40 pounds of 
copper, 65 of calamine, and double its volume of char- 
coal. After the fire has been kept up for twelve hours, 
a workman takes off witli an iron trowel all the feum and 
charcoal which fwim upon the liquid, and when cooled 
form a mafs called arkejl. This, examined by a glafs, is 
found to confift of calamine and copper particles cohering 
together, but not completely united. The brafs refulting 
from this firft procefs is coarle, brittle, and unequal in tex- 
ture, and requires a fecond fufian, before it is fit to be 
wrought. For this purpofe the fame crucibles are again 
employed, and are filled, firft with three handfuls of the 
mixture: of calamine and charcoal, over which are put two or 
three pounds of the impure brafs broken in pieces, then 
more calamine and charcoal, with a piece of the and 

over all the calamine and charcoal powder. They are then 
heated ftrongly for two hours, after which the biafs is fit to 
be caft into plates. 

A fingle fufion, where the fiit is kept up long enough, 
and the materials arc good, is certainly fufficient to make 
good malleable brafs ; but it is probable, that the fintft forts 
undergo a fecond operation with frefli calamine and char- 
coal. Some fecrccy is, however, obferved by thofe indivi- 
duals who have the reputation of making the very fincii ar- 
ticle. 

In the laboratory, by way of experiment, brafw may be 
made in a much fhorter time by ufing the fame materials, 
that is to fay, copper>fhol buried in a mixture of calamine 
and charcoal, putting the crucible in a wind furnace, and 
heating flowly for half an hour, till the zinc begins to burn 
off in blue flame round the cover of the crucible, and then 
raifing the fire, and heating brifkly for an hour longer. 
This procefs of cementation of copper is alfo (hewn very 
neatly by a fomeurhat different management, as given by 
Cramer. Put the mixture of calamine and cl^rcoal into a 
crucible ; cover it with a thin layer of clay, over which, 
when dry, lay a thin plate of copper, and cover the whole 
with fine charcoal powder, and a luted cover to the crucible. 
Apply heat gradually, and the vapour of the redtk:ed zinc 
will rife through the floor of clay, will penetrate the red- 
hot copper above it, and convert it gradually into brafs, 
which, at the end of i\tt operation, will be found lying 
melted upon the ftratum of clay ; and the tncixafe of weight, 
which the copper will be found thus to have gained^ will 
afford a good pradlical left of the goodnefii of the calamine, 
and its fitnefs for brafs* making in the great way. 

Biaft ia wrought iato pUteaby culling and laminating. 
At Stolberg the piatei are firft caft into a mould formed of 
two blocks of bard granite five feet long, three and a half 
broad, and ciglit inches tfikk.. Tliefr are placed one above 
the other, and the upper one u mifed by a pulley, and 
(meared with cow* dung previous to caftipg. lo give the 

S late the requifite thicknefs, hoops of iron of different 
tmeufioiia are adapted to the under done, fo as to confine 
the melted. meul| and regulate iu thickneb. The ftones 
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•re gentler inclined before the metal is run into tliem. llicfc 
plates are afterwards laminated and manufadured in a thou- 
land different ways. 

The moft important properties of brafs, compared with 
copper, arc the following : its colour is much brighter, and 
more approaching to gold ; it is more fufiblc than copper, 
as is fern from the circumttance, that lefs than a copper- 
mciting heat is fufficient for the making of brafs ; it is lefs 
fubjed to niff, and to be aded on by the vaft variety of 
fubffanccs which corrode copper ; and lallly, it is equally 
malleable when cold, and more cxtenfible than cither copper 
or iron ; and hence is peculiarly fitted to be made into wire. 
Brafs, however, is only malleable when cold. By ham- 
mering, brafs is found to become magnetic, perhaps only 
from the particles of the iron hammer which may have been 
beaten into its furface ; but this makes it neceflary to ufc 
unhammered brafs about compafs-needlcs, and limilar mag- 
netic apparatus. The expanfion of brafs has been vei7 ac- 
curately dctcrmiiitd, as this metal is moft commonly ufed 
for mathematical and aftronomical inftruincnis, where the 
utmoft precifion is required. Mr. Smeaton found that la 
inches in length of caff brafs at .32^, expanded by 180® 
of heat, (or at the boiling point of water,) 225 ten 
thoufandth parts of an inch ; brafs wire in the fame circum- 
ftauces expanded 232 parts; brafs 16 parts, with one of 
tin, expanded 229 parts. The expanfion of hammered cop- 
per is only 204 parts, but that of zinc is 3 »;3 ; fo that brafs 
holds a middle place iu this refpedi between its two compo- 
nent metals. 

The zinc is readily feparated from brafs by fire. When brafs 
is heated llrongly in open veflels to at Icaft a co}>pcr‘mclting 
heat, the zinc of the brafs takes fire, and (lowly bums away. 
If this is continued long enough, little clfc is left but copper, 
though ftill retaining a ftriall portion of zinc, which no fur- 
ther continuance of the heat will entirely feparate* 

Some kinds of very fine brafs, it is faid, arc not made by 
cementation in the way already defcribtd, but hj a more 
fpeedy and dirc£l union of copper and zinc, care taken 
to prevent the accefs of air to the materials while in fufion* 
Very fire brafs may alfo be made in the fmall wayi (and 
doubtlefs alfo in mnnufa<^urC|) by mixing thcoxydt cif cop- 
per and zinc, and reducing them together. Thi$ plan is 
ingenious, and the intimace mixture of the two mftws, the 
great objedi in brafs-making, is probably more accurately 
obtained in this ivay than even by the common prucefs of 
cementation. The following experiment on this plan is 
given by Sage : Mix together 50 parts of oxyd of copper, 
remaining after the diftillation of verdigris (which is a very 
pure oxyd) with 100 parts of lapis calaminaris, 400 parts 
of black flux, and .30 parts of charcoal powder; melt to- 
gether, till no longer any blue flame is feen to bum round 
the top of the crucible. When cold, a fine button of brafs 
is found beneath the fcoria, weighing a fixth more than the 
copper obtainable from the oxyd of this metal reduced in 
the fame way, but without the calamine. This brafs has 
a very fine colour, like gold* On this expeiiment M. Sage 
obferves, that a fixth incrcafe of weight gained by the 
copper, is the proportion wffiich conllitutts the fineff brafs, 
and that which copper will always retain, however long 
kept in fuflon, provided the accefs of air is prevented, at in 
this cafe, by the alkaline fcoria. When the copper retains 
a fifth of zinc, the colour is not fo fine ; and any quantity 
above a fixth will he expelled by the beat, even when the 
alloy is covered ; and, on coming to the air, the zinc will 
bum. Hence the ceflation of the zinc flame is in this 
experiment the proof, that the copper now retains no mure 
than a fixth of zinc, and U fine Lrafs. 


The analyfis of brafs is a point of fome conrcquence, and 
fcveral modes have been propofed, fome good| others defec- 
tive. 

Brafs may, in fome degree, be analyfed by ftrongly heat- 
ing in an open veflel, as above mentioned. The zinc then 
burns off, and when no more flame is given out, the copper 
is fuppofed to be pure. But Dizc has found that this mode 
is very uncertain ; fo that no two affays of the fame fample 
correfpond, for it is not cafy to tell when all the zinc is 
burnt off that can tlius be volatilized ; and the incrcafc of 
weight, caufed by the oxidation of part of the copper, 
throws a further uncertainty on this method. 

Neither will a fiinple fidution of brafs in the fulphuric, or 
any other acid, and cry ff alii zat ion, anfwcr thepurpofe ; for, 
though much of the cryffallized fulphat of copper may rea- 
dily be picked out from the fulphat of zinc, the perfedt 
reparation of the two kinds of cryilals is impradlicable, and 
at laft one fpccies becomes mixed with a portion of the 
other, even in the refpedivc cry Hals. 

M. Dizd propofes the following methods : 

1. Difiolve the brafs in nitric acid, which takes up the 
copper and zinc, and haves any tin with which it is often 
alloyed. Decompofe the clear nitrated folution by pot-a(h> 
rediffblve the precipitate in fulphuric acid, and add a piece 
of clean bright iron to the folution, previoufly diluted with 
fix parts of water. The copper is thus precipitated in the 
metallic (late, and the folution now holds fulphat of iron, 
and fulphat of zinc. Thcfc M. Dizd propofes to feparate 
by gallic acid, which (lowly precipitates the iron, and leaves 
the zinc. Lallly, the fulpaat of zinc may be decompofed 
by a carbonated alkali, and the quantity of zinc in the 
carhonat may be eiilmated accoiding to proportions, which 
will be prefeutly mentioned. 

This metliod is ufcful, but the reparation of the iron, 
fiom the zinc by the gallic acid, is excelfively tedious. Sul- 
phuretted hydrogen gas would be much (hortcr, and to be 
preferred. 

2. DilTolve brafs in nitric acid, dilute with fix parts of 

pure water, and immerfe in the folution a cylinder of bright 
clean lead. The copper fpeedily feparates in the metidlic 
ftate round the lead, which lull takes its place in the folu- 
tion. As this advances, the liquor lofes its blue colour ; 
and when all the copper is feparated, it becomes (lightly 
yellow. To determine, however, whether all the copper is 
feparated, add a frefli clean piece of lead, and boil the folu- 
tion for fome time. This now contains nitrat of lead, and 
nitrat of zinc. Sulphuric acid will precipitate thtiice the 
lead in the form of an infoluble fulphat, and the nitrated 
zinc may then be decompofed by a carbonated alkali. On 
this precipitation, however, there are fome obfervations to 
be made. Copper, when diffblving in nitric acid, abforbs 
nearly ol its weight of oxygen; but lead, under the 
fame circumftanccs, s^forbs only Hence (as Vau- 

quelin rtma.ks on this fubje^t ot the analyfis of brafs) ico 
})art8 of copper difTolved in nitric acid would require, for 
their difoxygenatiou, (which takes place whenever one me- 
tallic oxyd in folution is precipitateo in a metallic form by 
another metal immerfed in it,) full 250 parts of lead, which 
laff is of courfc' oxidated in proportion as the copper preci- 
pitates in the metallic form. But this large quantity of 
oxyd of lead cannot be held in folution by the nitric acid, 
except this is largely in excefs ; and this explains why, as 
M. Dize has obfet*ved, a j.ortion of oxyd of lead is apt to 
form at the latter end of the proerfs, and to mix with the 
copper, ifo as to require a fubfequciit operation to get the 
copper &ee from it. Nor will an excels of acid enfure the 
pui-fty of the precipitated copper; forM.Vauquelin finds that 
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ii 50 gnini of pure copper tre diflblved in nitric acid to 
encffi, and then precipitated bf metallic leadi of which 
about aao grains are reqaifitfi the cupreous precipitate 
weighs 1.38 grains inftead of the original 50 grainst and 
therefore ii not pure copper, but an alloy of thii metal, 
with a very large proportion of lead, This method, there* 
fore, of analyfing brafa is highly erroneous, untefs the fup* 
poftd copper precipitate be feparately treated, in order to 
tree it from the large proportion of lead with which it muff 
be alloyed. 

The following methods are given by Vauquelin : 

3. D'lTalve a given quantity of brafs in nitric acid, put 
it in a weU>clofrd bottle, and add cauftic pot>a(h to eacefs, 
fo that there fliall be a fenhble alkaline taile in the liquor 1 
/hake thie miature well, and keep it a (hort time in digef* 
tion. By this fimple procefa the oxyd of copper is preci* 
pitated by the alkali, but the oxyd of xinc is re dilTnlvrd in 
It I and if the liquor be now filtered, the alkaline falution 
of xinc paflVs through clear, and the oxyd of copper is left 
behind. This oxyd is brown, and nearly metallic in ap* 
pearincc. When thoroughly walhtd, and gently dried, it 
contains 65 per cent, of metallic copper. If one is alTured 
by a previous a0ay, that the brafs only contained copper and 
line, when the quantity of copper is thus obtained, that of 
the xinc may be inferred from the difference between the 
copper, and the weight of the braf* employed i or elfe the 
alkaline folution of xinc may be fuperfaturated with ful* 
phuric acid, fo as at firtl to precipitate, and afterwards to 
re-diffoire the xinc, after which this metal may be precipi* 
tated as a carbonat, by adding carbonat of pot*a(h or foda. 
A very trifling quantity of copper paffes into' the alkaline 
folution of the zinc, occafioned by a fmall portion of am* 
monia formed by the nitrated metals when the cauliic alkali 
is added, which takes up this atom of copper. If necef* 
fary, the copper might be again precipitated by heating the 
alkaline folution, fo as to expel the ammoniac ; but not to 
boiling, otherwife fome of the zinc would feparate from the 
alkali, and caufe a greater error. 

4. Di^olre brafs in fulphuric acid, dilute with 20 times 
as much water, and immeru a flick of zinc exaAly weighed. 
The copper foon precipitates completely in the metallic 
ftife, which is to be well wafhed and weighed. The folu* 
tion now contains only the zinc of the brafs, and the zinc 
diffolved out of the (tick of metal immerfed. By weighing 
the tandiffolved ftick of zinc, and precipitating the whole 
by carbonat of pot*afh or foda, an eafy calculation will give 
the portion of zinc belonging to the brafs : or, more fimplv, 
this may be inferred from the copper obtained, and the 
quantity of brafs originally employeo. 

It only remains, on the fubjrd of analyfis, to give the 
metallic contents of carbonat of zinc. Dize diffolved 100 
parti of zinc in nitric acid, precipitated it by carbonated foda, 
and tbisproduA, well warned and dried, now weighed 180 
parts. Hence too parts of carbonat of zioc thus obtained, 


contain 55.5 of metallic zinc. 

On the other hand, Vauquelin found that ciibomt of 
zinc obtained from the fulphat bv carbonated poMifh, well 
vralhed and calcined in a crucible to expel all the carbonic 
acid, contained 69 per cent, of metallic zinc. Hence, the 
carbonat obtained by Dizd, it is obvious, muft only have 
been dried at a ipw temperature, probably that of boiling 
water ; and from either of the above data the quantity m 
zinc may be eftimated : or elfe the carbonat or ozyd may 
be mixta with charcoal, and ilrongly heated in an earthen 
retort, without the accefs of cxteroal air, by which the zinc 
will be reduced, and will diftil over, and condenfe in the 
tool seek of the retort in the metallic ftate. 

Analyfis (hem 1 vaft variety in the proportions of the 
different fpreies of brafs ufed in commerce 1 nor it it eafy 
to determine whether the perfeAmn of this alloy depends 
on any certain proportion of the two metals, or the mode 
of minufacture. In general, the extremes of the liighelt 
and lowcft proportion of zinc are from 12 to 2^ parts in the 
hundred. Even with fo great a quantity of xinc as 25 per 
cent., the dudility of brafs is not injured, provided it be 
maoufadured with care, though z<nc itfelf is fcarcely mal* 
leab'e. In proof of this, Dixe analyfed a fpecimen of n 
remarkably fine brafs, which is made at Geneva for efcape* 
meet wheels, and other nicer parts of watch>makiiig. This 
metal unites great bMUty of colour to a high degree of 
dudility { and the bars that are perfed fetch a very high 
price with the watch-makers of this town, fo celebrated wr 
this delicate manufadure. This brafs was found to coniiit 
of 75 of copper, and 25 of zinc. Probably, too, the copper 
was Swedilh, or of iome other very fiiperior kind. The 
common brafs of Paris appears to contain no more than 
about ij per cent, of zinc. The Englilh, probably, con* 
tains more zinc. 

The ufe of brafs is of very ronfiderable antiquity j but 
from the inaccuracy of the ancient drfcriptions, and their 
ignorance of the true nature of zinc and ita ores, much un* 
certainty prevails on this fubjed. Moil ot the genuine 
relict of antiquity of this kind are compofed of various mix* 
tures of brafs, with tin and other metals, and are rather to 
be termed bron%ts. For this and the other yellow alloys of 
copper, fee Copfez. 

Keir, ib a note to the article brafs in Macquer’a die* 
tionary} Watfon’s Effays; Ssge in J. Phyf. vol. xxxviiii.} 
Diz6 in ditto, vol. xlviii. \ Repertory, vol. xiv. ; Vauquelin 
in An. Ch. vol. xxviii. ; Encycl. Mctb. ; Original, &c. 

Brass, in Antiquity, See ,£8. 

Brass, in a more extenfive fenfe, includes copper, and 
all the mixtures or alloys of copper with other minerals. In 
which fenfe, brafs amounts nearly to the fame with the Ro* 
man ibi, and the French airain. 

Jiikss lumpt, or Brasses, in Mineralogy, a common name 
among the colliers for the maffei of pyrites that are found 
to accompany, more or left, the different kinds of coal. 




BREWING, BraJJa^e de la tlerCf Fr, Das Braueftf 
Germ. The art of brewing, or of preparing a vinous ferment- 
ed liquor from the farinaccouB feeds, is of very high anti- 
quity* The ancient Egyptiaua, from the foil and climate of 
their country not being favourable to the culture of the 
vine, were induced to feek a fubftitiite in barley, from 
which, in all probability, by the procefs of malting, they 
knew how to procure a fermented liquor. The town of 
Pekifaim, fituated on one of the mouths of the Nile, was 


particularly celebrated for its manufadlorica of malt liquor, 
of which there were two kinds; one called Carmi m% 
fweet, aud appears to have refembled our fwcet and gluti- 
nous ales, the other named Zitbumt feems to have been 
analogous to modern beer. The Germans, from the tehi- 
mony of Tacitus, were capable of preparing a liquor fimilar 
to wine ,((}uandam vini fpeciem) from barley, by fermenta* 
tion. Juhan, Strabo, and Polybius, (how, that the fame art 

wai 
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was known to llic Spaniards tlic Gauls, and the inhabitants 
of the liritilh iflands, and the north of Europe. All the 
ancient malt liquors, however, fectn to have been made en- 
tirely of barley, or feme other farinaceous g^rain, and there- 
fore were not generally calculated for long keeping, aa this 
cjuality depends confidcrably, though not entirely, on the 
bitter extract of hops, of other vcgclablcti, with which the 
liquor is mingled. 

Modern malt liquor is cfTentially compofed of water, of 
the folublc parts of malt and hops, and ot ycad. 

Tor a particular account of the preparation of Malt, 
we refer our readers to that article. It will be fufiiciont 
for our prefent purpofe, to mention, that barley confiftr. 
of fecula or {larch, albumen, and a little gluten; and, that 
by the pro';efs of germination or malting, the ftarch is con- 
verted into faccharinc mucilage. If each grain of barley 
was perfectly malted, the whole of its (larch w’onld be 
changed into fugar ; tins, however, is never the cafe ; the 
foliible contents, therefore, of fuch malt as the brewers 
m.tkc ufe of, arranged in the order of their refpedive pro- 
portions, arc faccharine mucilage, (larch, albumen, and 
gluten, of which only the tirll is abfolutcly ncccffary for 
t!ic prodiK^lion of a vinous liquor. Three or four different 
kinds of malt are diftinguiflied by the brewer by their co- 
lours, which depend on the degree of heat that was uled in 
the drying. Malt tluit has been dried by a very gentle heat 
fcarccly differs in its colour from barley ; if expofed to a 
fomcvvhat higher temperature, it acquires a light amber- 
ydlow hue ; and by fucceffive increments of heat, the colour 
becomes deeper and deeper, till, at length, it is black. The 
change of colour is owing to the grain being partially 
charred or decompofed ; and in proportion to the extent to 
which this alteration is allowed to proccid, will the produce 
of fugar, that is of fermentable matter, be diminidicd. The 
principal advantage of high-dried malt over the paler kind, 
is the deep yellowifli brown tinge which it gives to the 
liquor : but this colour may be communicated much more 
economically by hunit fugar. *i’he malt, whether pale or 
high-dried, mud be bniifed bet wen rollers, or coarfely 
ground in a mill before it is ufed, and it is found by expe- 
rience, that malt wliich has lain to cool for fome weeks is, 
in many rtfpeds, preferable to that which is ufed as it comes 
hot from the mill. The tirft llcp in the procefs of brew- 
iug, is 

^ T. 

This is performed in the which is a circular 

wooden vefld, fliallow in proportion to its extent, and fur- 
nifhed with a falfe bottom, pierced with fmall holes, fixed a 
few inches above the real bottom: wheit it is fmail, it ought 
to have a moveable wooden cover. There arc two fide- 
openings in the interval between the real and falfe boUcm ; 
to one is fixed a pipe for the purpofe of conveying water 
into the tun ; theotlicr is fitted with a fplggot f^orthe pur- 
pofe of drawing the liquor out of the tun. The brewing 
commences by llrewing the grill or bruifed malt evenly over 
the falfe bottom of the maih-lun, and then, by means of 
the fide pipe, letting iu from the upper copper the proper 
quantity of hot water. The water fird fills the interval 
between the two bottoms, then forcing its way tlu-ough 
tltc holes in the falfe bottom, it foahs into ilte grill, 
w^hich, at firft lloating on the furface of the w^atcr, is thus 
raifed off the bottom on which it was fpread. When the 
whole of the water is let in, the procefs of mairning, pro- 
perly fo called, begins. The ohjecl in malhing is to cffecl 
SI perftd mixture of the malt with the water, in order that 
all the (bluble parts may be extra6led by tliis iluid : for this 
piin'ofe, the grid ii fird incorporated with the water by 


means of iron rakes, and then the mafs is beaten and agi- 
tated, and liill further mixed by long flat wooden polen, 
refembling oars^ which indeed is the name by which they 
arc technically known. In fome of the large porter brew, 
erics, the extent of the tun is fo great, that tnc proo’fs of 
mafiiing cannot be adequately performed by human labour, 
and recourfe is had to a very fimplc and efFeflual inflrument 
for this purpofe. A very Itrong iron of the fame, 

height as the mafli-tiin, is fixed in the centre of this vci^ 
fek from which proceed two great arms or radii, alfo of iion, 
and befet with vertical iron teeth a few inches afunckT, iu 
the n. aimer of a double c»)mb : by means of a ilcani engine, 
or any ether moving power, tlie iron armsuhieh at liiil 
red on the falfe bottom, aie iuiiJl llowly to revolve upon 
the central flircw, in cor.{et|Lirnee of wliicli, in propoiiion 
as th'jy revolve, they alfo afand through thecouKnts of 
the tun to the furfacc; then, inveiliug the circulai motion, 
they defeend again in the coiirfe ot a few revolutions to tlic 
bottom. Thefe allcinate motions are continued till ili^ 
giitl and water are thoroughly incorporated. Wli/n the 
niafliing is complttcd, tli** tun is covered in to preve.it the 
tfeape of the heat, and the whole is fufifered to rtmain ilill, 
in order that the infolublc parts may feparate from the li- 
quor : the fide fpiggot is then withdrawn, and the clear v\oi r 
is allowed to run oil, .lowly at firll, but more rapidly it 
becomes line, into the lower or boiling Cvipper. 

The opeiPtirm of nvalhing, as it is the firll in order, is 
the moll i.T.portaut ; aiul all the fuccccding ones arc modi- 
fied according to the ciieinn (lances, under winch this pii- 
mary one is circiV d. 'rhe principal thing to be attended 
to, is the temperature of the malh, which depends, partly 
on the heat of the water, and partly on the (late of the 
malt. If any quantity of barky is mingled with twice its 
bulk of .water, the temperature of the mafs will be veiy 
nearly thatof tlie mean temperature of tlic ingredients. If the 
paled malt is fubjefted to the fame exptrim nt, the tempe- 
rature will be fomewhat greater than that of the mean heat. 
This cxcefs is found to increafe very rapidly, in proportion 
to the colour or drynefs of the mult employed ; fo that 
when one part of the higluil dried malt is mixed with two 
parts of w’arm water, the temperature will be no Icfs than 
40° Fall, above the mean. In calculating, therefore, the 
heat of the malh, it is ncceflary to take into confideration, 
both the drynefs of the malt, and the proportion which it 
contains of unmalted, or imperfcdtly malted bailey. The 
object in m:'lhiiig is to extra^l from the malt, as much as 
poirjilc of the faccharinc mucilage ; but this is fo intimately 
combined with the other parts of the grain, that the range 
of temperature wliiih can be employed for this purpofe, is 
very confined. If the water was let upon the grid boiling 
hot, the darch which it contains would not only be difTolvco, 
butconvcitfcl into a gelatinous fubltance, in which all the 
other parts of the malt, and mod of the water, would be en- 
tangled, beyond the poflibiliiy of recovery bv any aftcr- 
prexefs; and great lofs is perpetually Indaincd by inatten- 
tive brewers, trom this very circumilanee. The mod eligi- 
ble icmperaiiirc upon tin* whole for mallung, appears to be 
about 185^ to of Fahrenheit ; the heat of the water, 
therefore, for the fird madiing, mud be fomewhat below 
this temperature, and the lower in proportion to the dark 
colour of the malt made ufe of. 'I’hiis, for pale malt, the 
w'atcr of the ma(h may be at 1 80® and upwards ; but for 
liigh-dritd brown malt, it ought not much to exceed 170^. 
The woit of the firll maHiing is always by much the riched 
ill faccharine matter: but to exhauil the malt, a fecond and 
third mafhing is required ; and as no heat is generated, ex- 
cept in the firll maming, the water in the fuccccding ones may 
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may be fafely raifcd lo nearly 190®. The proportion of 
wort to be obtained from each bumel of malt, depends en- 
tirely on the prODofed (Irength of the liquor. For found 
Imall beer, 30 galloriB of wort may be taken from each bufhel 
of malt ; but for tlie ilrongeil ale, only the produce of 
the firll nialhing, or about 65 gullons per bufa'*!, is em- 
ployed. But whatever be the proportion of wort required, 
It inuft be held iti miinl, that every bnfiKl of well made malt 
will abforb, and retain gallons of v'ater, and therefore 
the water made ule of mull exceed llie woit required, in 
the fame proportion. 

It of lyrcat importance to the biwver, to afccrUin the 
ftrength of his worts, or tlicir richiiefs in iuccliurine matter; 
this may be done, partly by the tallc, but more accurately 
by an infirument culled a Sacc/j^tromrtrr^ which in fadl is 
only a hydrometer, the fcalc of which ia adapted to the 
various dcnfities of wort. The name Sacebaromoter, how- 
ever, is an improper one, as it is apt to miflead the brewer; 
this inlliument fiicws merely the Ipecific gravity of the li- 
quor, and this depends, not only upon the fugar, but the 
ftarch, and every other part of the mult which is foluble in 
water. But the relative proporLio!\8of thefe fubftanccs arc, 
in all likelihood, very various in different parcels of malt ; 
whence arifes aferious obje^ion to much dependence on the 
faccharometer. 

f 2. Botltag and hopping* 

If only one kind of liquor (whether ale or beer) is to be 
made, the produce of the three mafliings is to be mixed to- 
gether: but, if both ale and beer are required, the wort of 
the firft, or of the firft and fecond mafhings, is appropri- 
ated to the ale, and the remainder is fet afide for the beer. 
All the wort deAined for the fame liquor, after it has run 
from the ma(h-tun, is transferred to the large lower copper, 
and mixed while it is heating with the requii cd propoition 
of hops. The ftronger the wort is, the larger proportion 
of hops does it demand : and this is calculated in two ways, 
either according to the quantity of malt employed, or the 
richnefs of the wort. Where the former bafis of oalcula- 
tion is referred to, the quantity of hops, cfpcciilly in pri- 
vate families, where economy is not fo llri£uy attended to 
as in large eftablifhments, is one pound of hops to a bufhel 
of malt, whether tlie wort is intended for the ftroogeft ale, 
or the weakeft fm all beer. In public breweries, 3 >e pro- 
portion of hops is confidcrably fn\allcr, and is regulated, not 
merely by the quantity of malt, but the lichuefs of the wort. 
For ftrong ales, the common proportion is about 1 lb. of 
hops to I. 3 biintcl of malt; for beer, the quantity is low- 
ered to 4 lb. of hops to i. 7 buflicl of malt. When both 
ale and beer are brewed from the fame malt, the ufiial prac- 
tice is to put the nuhole quantity of hops in the ale-woit ; 
and after they hrve been boiled a fufHcicut time iu this, to 
transfer them to the bccr-wort, in order to be cxhanllcd by 
a fecond boiling. 

When the hops are mixed with the wort in the copper, 
the liquor is brought to boil ; and the beft praflice is to 
keep it boiling us full as pofTiblc, till, upon taking a little ot 
the liquor out, it is found to be full of minute Hakes, like 
curdled foap. Thefe flakes conllfl of the gluten and llarch 
of the malt feparated from their former folution in the wort, 
by the joint aftion, in all probability, of the heat, and the 
bitter extra£^ of the hops. For the alcertainment of this 
important queftion, «o regular experiments, however, have 
been as yet inllituted. 

The boiling copper is in moll breweries uncovered, but 
in Tome it is fitted with a fteam-tight cover, from the centre 
of which pafTes a cylindrical pipe, that terminates by feveral 
jecurved branches in the upper or mafhing copper : the fteam. 
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therefore, produced by the boiling, inftead of being wafted# 
is let into the cold water of the upper copper, and tlius 
raifesit very nearly to the temperature required for mafh'* 
ing, bcfidcs impregnating it very lenlibly with the cftential 
oil of the hops, in wdiidi the whole ol the Havour rcJidcs, 
and wliich would otherwife be difchargcd into the air, and 
thus be loft. 

§ 3. Cooling, 

When the liquor is tuliieieiuly boiled, it is difchargcd into 
a number of ftiallow tubs Ciilled cooler^’, where it renuiins 
cxpolcd to a free draft of .lir, till it has dcpofited the hop- 
feeds and coagulated flakes with which it was charged, «Tnd 
is become fnniciently cool to be fiihnitted to the next pro- 
cefs, which is that of fermentation. It is necclTiiry that tlic 
procefs of cooling ftiould be carried on as expeditioufty as 
poflible, particularly in hot weather ; for on fermented wort, 
by expel lire to a hot clofe air for a few hours, is very liable 
to contraft a naufeous fmell and tafte, when it is faid tech- 
nically to be foxrdy in confcquence of finall fpots of white 
mould forming on its furface. Liipior made from pale malt#, 
and which is intended for immediate drinking, need not be 
cooled lower than 75® or 80''', and in confcquence may h« 
made all the year through, except pcrlnqis during tl e very 
hotteft fcafon; but beer from biown malt, efpecially if in- 
tended fur long keeping, requires lo be cooled lo 65'^ or 7^®# 
and therefore cannot poflibly be made except in cool wea- 
ther; hence it is that the months of March and Odiober 
have always been reckoned peculiarly favourable to the ma» 
nufadurc of the beft malt liquor. 

f 4. Tunning and harreUing*. 

From the coolers the liquor is transferred into the fermenU 
ing or working tun, which is a large cubical wooden vcflel 
capable of being clofcd at pleafure. As foon as the wort is 
let in, it is well mixed with yeaft, in the proportion of about 
one gallon to four barrels, and in about five hours afterwards 
the fermentation commences. Tlic llgns of fermentation 
are muddinefs of the liquor, the fonnation of froth or yeafl 
on the furface, and a copious clifengagement of carbonic acid. 
In the firft ftage of fennentation, on taking fome of the yeatt' 
in a bowl it foon falls down into a liquid; but when the fer- 
mentation is fulHciently eftabhfhed to allow of barrelling# 
the yeaft has a certain degree of toughnefs, and will remain 
a long time without falling in. When the wort is let down 
hot into the working tun, the fermentation is condu6ted 
with the tun clofcd, and proceeds rapidly, fo that in about 18 
or 20 hours it is fit to be cleanfed or put into the barrels ;. 
but when the wort is let down at 65° it requires 48 hours 
for the firft fermentation, and is pecnliai ly liable to be affed- 
ed by a conlidcrable change c^f weather. 

Althougii, in common pt .ictice, I he coagulated fecula and 
gluten arc depofitod and left in the coolers, yet, fkilful 
brewers mix them again witii t;.e wort by agitation, and 
ferment the liquor in this Hale. Fermentation is confidc- 
rably retarded by thispradlice; but, in return, the liquor is 
much clearer and more completely fermw .ted, as is obvious 
from the remarkable dimiuiilioii of fpecific gravity which it 
undergoes. 

The Jaft procefs is transferring the liquor from the work? 
ing tun to the barrels, when the fermentation, is completed. 
During a few dav*^, a copious difeharge of yeaft takes place 
from the bung hole, and the )>arrol8 muft be carefully filled 
up every day with frefh liquor: this difeharge graduwly be- 
comes lefs, and in about a week ceafes ; at which time the 
bung-hole ia clofcd up and the liquor is fit for ufe, after 
ftanding from a fortnight to three months according to its 
ftreugth, and the temperature at which it has been fcr« 
inentcd# 
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Brewiko, among Di^Ulcrt, denotes the method of ex- 
trading the more foTublc parti of vegetables with hot wa- 
ter, and thus procuring a fulution or decodiou fitted for 
vinous fermentation. 

In which leufe brewing is a neceffary ftep towards diftil- 
lation. 

A fermentable folution, fit for yielding a fpirit or brandy, 
is obtainable from any vegetable, under proper inanageinent; 
but the more readily and perfcdly the fubjed diffoKes, tlie 
better it is ciifpofcd for fermentation, and the produdion of 
brandies. TIuis fugar, honey, treacle, raanna, and other 
iafplffdted vegetable juices, which totally unite with water, 
into a clear and uniform folution, are more immediate, more 
perfed, and better adapted fiibjeds of fermentation than 
roots, fruits, or herbs, in fubftance, the grains, or even 
malt itfelf } all which diffolve but very imperfedly in hot 
water. 

Yet malt, for its cheapnefs, is generally preferred in Eng- 


land, and brewed for this purpofe, much after the common 
manner of brewing for beer ; only the word malt will ferve 
f()r didillation ; and the tindure, without the addition of 
hops, and the trouble of boiling, is here diredly cooled 
and fermented. 

The grain intended for brewing is previouHv malted, to 
prepare it for didblving more cafily and copiouUy in the wa- 
ter, foaslo afford a richer tindure or folution, which, after 
due fermentation, will yield about one half more of proof 
fpirit than tlie tindure of an equal weight of uninalted com. 

Brewing is alfo ufed, in an ill fenfe, for the counterfeiting 
and compounding efpccially of wines. Vintners and wine- 
coopers are fufpeded of brewing wines, or mixing divers 
inferior forts, to imitate fome better kind. The neceflity of 
accommodating their lit^uors to the palates of their guefts, 
is an''ther caule of brewing ; infomuch that fome have con- 
feffed they commonly draw out of two or three calks for 
every pint. 
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BRICK, a kind of faflitious ilone, compofed of an argil- 
laceous earth, temuered and forined an mouldi, dried in the 
fun, or burnt in kilns. 

The ufe of bricks is of the highell antiquliy. I’hc earlloft 
buildings of Afaa were of bricks, dried in the f*m| and ce- 
mented with bitumen. In this manner, we learn from the 
hillorical books of the OldTeilament, Nineveh was built by 
Nimrod ; and the famous walls of Babylon, reckoned bjr the 
Greeks among the wonders of the world, were of the fame 
materials. 

Unburnt bricks were ufed in Egypt : the making of 
them was one of the oppreffions to wliicli the IlVaelites were 
fubjeded during their fervitude in that country. The an- 
tique edifices which at prefent exift in Egypt arc principally 
of ftone ; however, Pococke deferibes a pyramid of unournt 
brick, called Kloube-cI-Men(hieh (the bricks of Men- 
(hieh), from a village near, called MwMifluch-Dalhour. It 
was doubtlefs built near the plain, on account of the bricks, 
which feem to be made of the earth brought by the Nifc, 
being of a black Tandy earth, with fome pebbles and ihclls in 
it. It is mixed up with chopped draw, in order to bind the 
clay together ; as they now make unburiit bricks in Egypt, 
and many other caftern parts, which they ufe very much in 
their building. I found fome of thefe bricks 1 3 [inches 
l^ug, 6^ inches broad, and 4 inches thick ; and others 15 
inches long, 7 inches broad, and 4} inches thick. I ob- 
ferved on the north fide the bricks were laid lengthways 
from north to fouth, but not every where in that diicftion | 
however, I particularly took notice that they were not laid 
fo as to bind one another. Ii is much crumbled and mined, 
but as it is I meafured it, and found it to be 157 feet on the 
north fide, and 2 10 feet on the weft fide ; it is 150 feet high. 
By what I could judge, from the prefent (lope of it, I con* 
eluded that it was built with five degrees, like the pyramid of 
Saccara, each being about 10 feet broad and 30 deep, fa 


that tlic afeent to it is eafy, as the bricks are crumbled 
awav/^ 

The Greeks and Romans alfo ufed this material, both fun- 
dried and burnt. Vitruvius iuftances fevcral celebrated 
buildings, as the walls of Athens ; the cells of the temples of 
Juniter and Hercules, which were of brick, the furrounding 
columns and entablature being of ftone j the ancient walls 
of Arezzo in Italy ; the houfc built by the Attalic kin^s at 
Tialles, which was always given for the habitation of thofe 
who bore the office of orielts in that city. The paintings 
which were brought from Lacedaemon to ornament tne 
Comitium, in the edilefliip of Varro and Murena, were cut 
from walls of brick ; the houfe of Croefiis at Sardis ; and 
the celebrated tomb of Maufolus, in which, though the 
ornaments were all of Proconnefian marble, the walls were 
built of brick, and (fays Vitniviusl remain to this time ex. 
ceedingly fubftantial, and the iacruftation appears as polifhed 
and Ihining as glafs. 

The following diredlions for making unbumt bricks are 
given by Vitruvius, They fhould not be made of fandy, 
ftony, or gravelly loam, for fuch kind or earth renders them 
heavy ; and upon being wetted with min after being laid in 
the wall, they fwell and diflblve, and the ftraw whi^ is put 
in them docs not adhere on account of their roughnefs : 
the earth of which they arc formed fhould be light chalky 
white or red. They fhould be made in fpring or autumn, 
as being the beft time for drying; for the iiitenfe heat of 
fummer parches the outfide before the iofide is dry, which 
afterwards drying in the building, caufes them to /brink and 
break. They arc beft when made two years before they are 
ufed, as they cannot be fafficiently dry in Ids time. If 
they are ufed when newly made and moiil, the plafter work 
which is laid on them remaining firm and ftiff, and they 
ftirinkingl and confequently not jpreferving the fame height 
with the incruftation, it is by fuch contra&oa, loofened and 
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ii*pAratc<1, At Utica, tlicrefore, the laws allow bo bricks to 
ufed before they have lain to dry five years. 

Vitruvius proceeds to deferibe tlic different kinds ot 
biicks, which wei-c of three fizes ; the firft, called didormi^ 
\s"x*t in general ufe among the Romans ; they were a foot 
and half a foot broad. The other two forts were ufed 
bv the Greeks; one called fetradoron^ which were on every 
li'K* four palms, or one foot ; the other pentadoron^ five palms, 
nr liftecn inches evt^ry way : the firif wctc ufed in private, 
the latter in public edifices. They had alfo half bricks 
each fort ; and in building, the whole bricks were laid in 
me courfe, and the half in the next. 

At Pitane in Afia, at Caleutum in Spain, and at Mar- 
Uilks, they had bricks fo liglit as to fwim on water, the 
earth of w’liich they were made being of the nature of pumice 
Hone. 

When Vitruvius mentions bricks, it appears that he means 
fun -dried bricks; for he obferves, that bricks could not be 
ufed by the Romans within the city ; as to fave room in fo 
crowded a town, the laws did not permit any walls in public 
places to be made thicker than one foot and a half, while 
brick walls of that thicknefs would not fiipport more than 
one llory. Accordingly, the walls were built with hewn 
Hone, hjlaceous fuhjlances (Hrudturis tcftaceis), or nibble. 
That thefe tcftaceous fubftances were tiles, is evident, for he 
obferves, that it could not be known at fird whether they 
were of good loam and well burnt, but that they (hould be 
laid in a roof during a winter and fummer before they were 
ufed in a wall. 

Aiiguftvis boafted that he had found Rome of brick, and 
left it of marble. It could be only fun-dried bricks that he 
referred to, for baked bricks were uied in the moft fumptiious 
edifices : the temple of Peace, the Pantheon, and all the 
Thermae were of this material. 

Whatever may be the prccifc time of the introduAion of 
baked bricks in the edifices of Rome, they appear to have 
been always fquarc. M. Ouatrcmcrc de C^uincy, in the En- 
cyclopedic Methodique, oBferves, that in his refearches 
among the antique buildings of Rome, he has found bricks of 
three fizes. The lead were 7^ inches fquare, and thick ; 
the medium ones i 6 \ inches fquare, and from 18 to 20 lines 
in thicknefs ; and the larger ones 22 inches fquare, by 2 1 or 
or 22 lines thick. The fmaller bricks were employed to 
face walls of rubble work ; and to make a better bond with 
the wall, they were cut diagonally into two triangles, the 
longer fide vrzn placed on the outude, and the point towards 
^thc interior of the work. To tie more efFeftiially the facing 
with the rubble, they placed at every four feet in height one 
or two courfes of the large fquarc bricks. The large bricks 
were alfo ufed in the arches of openings or difeharge, which 
were ncccfTary in the building. 

No long bricks, fuch as are ufed at prefent, are found in 
antique conftruAions. 

In modern times, bricks have been ufed in all countries. 
Ghardin thus deferibes the manufadure of bricks in Perfia. 
The material of Perfian buildings is brick, either dried in the 
fun or burnt in the fire. Tite tiles or bricks of earth are 
made in thin wooden moulds, of S inches long, 6 wide, and 
inches thick. The labourers temper with their feet the 
earth, which is generally mixed with ftraw cut very fmall, to 
give it more confitlence, and that the bricks may la(l longer 
and not break. They pafs the hands over the bricks to 
fmooth them, after having dipped them in a vefTel of water 
mixed with draw. Hill finer than was at firit tifed. Then 
taking off the mould they leave the bricks to dry for two or 
three nours, after which tliey are ranged over one another, 
where they remain till the drying is completed. 
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The baked bricks arc made of two parts of earth and one 
of cinders, well tempered together, in moulds larger than for 
the others. They leave them to dry in the ftin for fcvcral 
days, then place 'them in a large furnace, ranged one over t he 
other, at fomc diHatice, which they fill with pladcr. They 
clofc the furnace and light the fire, which is kept up for 
three days and nights. 

Bricks have fcvcral advantages over (lone as building ma- 
terials. From their porous Hi u6lurc they unite better with 
the cement ufed : they are lighter than Hone, and not fub- 
jedl to at trad damps and nioillure. 

The earth proper for the manufadure of bricks is a clayey 
loam, neither abounding too much in fand, which renders 
the ware heavy and brittle, nor yet with too large a propor- 
tion of argillaceous matter, which caufes it to (brink and 
crack in drying. 

The general procefs of the manufadiire is as follows : 
The earm Hiould be dug in the autumn ; it fliould lie during 
the whole of the winter expofed to the froH, as the adioii 
of the air, in penetrating and dividing the particles of the earth, 
facilitates the fubrequent operations of mixing and temper- 
ing. During this time the earth fliould he repeatedly turned 
and worked with the fpade. In the fpriiig the clay is broken 
in pieces, and thi-own into (hallow pits, where it is watered 
and fuffered to remain foaking for fcvcral days. . The next 
Hep is that of tempering the clay, which is generally per- 
formed by the treading of men or oxen. In the neighbour- 
hood of London, however, this operation is performed by 
means of a horfe-mill. The tempering of the clay is the 
moH laborious part of the pwcefs, and that on which the per- 
fection of the manufacture effentially depends. It is to neglcCl 
in this part, that w^c arc chiefly to attribute the bad quality of 
modern bricks, in comparifon with the ancient* All the 
Hones (hould be removed, and the clay brought to a per- 
fectly homogeneous paile, ufing the leaH poifible quantity 
of water. 

The following experiment, made by M. Gallon, merits 
attention. He took a certain quantity of the earth, pre- 
ared for the making of bricks ; he let it remain for fev^n 
ours, then caufed it to be moiHcned and beaten during the 
fpacc of thirty minutes : the next morning the fame opera- 
tion^was repeated, and the earth was beaten for thirty mi- 
nutes ; in the afternoon it was again beaten for fifteen mi- 
nutes. Thus this earth had only been ivorked for an hour 
and a quarter longer than ufual, but at three different times. 
The material had acquired a greater denfity by this prepara- 
tion ; for a brick made with this earth weighed five pounds 
eleven ounces, while another brick, made in the fame mould, 
of the earth that had not received this preparation, weighed 
only five pounds feven ounces. Then having dried thefe 
bricks in the air, during the fpacc of thirteen days, and hav- 
ing burnt them along w'lth others, without any particular pre- 
cautions, they were examined when taken from the kiln, and 
it was found that the bricks made of the earth %vlnch had 
been the moH worked Hill weighed four ounces more than 
the others, each having loH five ounces by the evaporation 
of the moiHure. But their Hrength was very different ; for 
OR placing them with the centre on a (harp edge, and load- 
ing the two ends, the bricks fonned with the well-tempered 
earth, were broken with a weight at each end of 65 pounds 
or J30 pounds in all, while the others were broken with 3 5 
pounds at each end, or 70 pounds in the whole. 

The earth, being fufficiently prepared in the pits, is 
brought to the bench of the moulder, who works the clay 
into the brick-moulds, and ftrikes off the fuperfluous eartli. 
The bricks arc delivered from the mould and ranged on the 
ground; and when they have acquired a fufficient hardnefs 
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fb admit of handling, they are drefled with a knife, and 
ftaked or built up in long dwarf wallH, and lliatchcd over, 
where they remain to dry. 

The burning of bricks, which is the next operation, is 
pcrfoitned either in a kiln or a clamp. In the former, the 
bricks being fet in, and the kiln covered with pieces of 
bnck, they put in wood to dry them with a gentle fire ; 
and this they continue till they arc pretty dry, which 
is known by the finokc turning from a whitifli to a fhin 
black fmoke. They tltcn ccafc to put in wood, and pro- 
cecd to burn with bruHi, furze, flraw, brake, or fem fag- 
gots, having firft clofed up the mouth of the kiln with a thin 
log (pieces of brick piled upon one another and clofed with 
wet brick earth iiiflead of mortar), then they continue to put 
in more faggots till the kiln and its arches look white, and 
the (ire appears at the top, upon whicK tliey flacken the fire 
for an hour, and let all cool by degrees. Thus they continue 
alternately heating and flacking, till the ware be thoroughly 
burnt, which is ufually tfTedcd in 48 hours. 

About London they burn in clamps, built of the bricks 
tbemfelvts, after the manner of arches in kilns, with a 
vacancy betwcccn each brick *8 breadth, for the fire to play 
througn ; but with this difference, that, hiitead of arching, 
they gatW the flues over by making the bricks projeCi over 
one another. The place for the fuel is carried up ftraight 
on both fides till about three feet high ; they then nearly fill 
it with wood, and over that lay a (Iratum of fea coal, and 
then ovcrfpan the arch j fea-coal is alfo ftrewed between 
every row of bricks in the clamp ; laftly, they kindle the 
wood which communicates with the coals ; and when all 
is burnt out, they conclude that the bricks are fuificiently 
burnt. 

The proper burning of bricks is a matter of confiderable 
difliculty, and requires an experienced workman; as it is 
ficceflary to maintain an equal lieat throughout the whole 
naafs, neither too little, which would leave the bricks W’cak 
and crumbly, nor too great, which would caufe them to run 
T ogetlver into a vitrified flag. This operation is much better 
performed in kilns than in clamps, as the (ire can be kept up 
and regulated at diferetion $ wliile in clamps, as the whole of 
tlie fuel mud be put in at once, the manufacturer is always 
tempted to ufc too little, and the oiilfulc bricks arc ntceffarily 
under-burnt. Thefc arc called famcl bricks, and ane Ibid at 
an inferior price. 

The Icgiflaturc has often interfered to regulate the manu- 
fafturc of bricks. By flat. 12 Geo. I. cap. 3 c, earth or 
clay, defigned for making bricks for falc, (hall be dug and 
turned at Icaft once between the ift of November and the ill 
of February, and not be made into bricks till after the ift 
of March, and no bricks be made for falc but between the 
id of March and 29th of September. But by flat. 10 
Geo. III. cap. 49. earth may be dug for making bricks at 
any time in tie year, provided fuch earth be turned once 
before it be made into bricks. And by the former ilatute, 
no Spanilh is to be mixed with the earth or breeze ufed in 
the burning of bricks : and all bricks are to be burnt cither 
in kilns, or didindt clamps, each fort by itfelf. 

By iUt. 3 Geo. II. cap. 22, there may be mixed with the 
brick-earth any quantity of Tea- coal aihes, (ifted or fereened 
through a fieve or fereen half an inch wide, and not exceed* 
ing 20 loads, to the making of ico, 000 bricks, each load not 
exceeding 36 bufliels. And breeze may be mixed with coal 
in the burning of bricks in clamps for falc, &c. Stock* 
bricks and place-bricks may be burnt in one and the fame 
clamp, fo that the dock bricks be fet in one didinA parcel, 
and not mixed and furrounded with place-bricks. 

For the moi*c efTcftaaily fecuring the obfervation of thefc 


laws, it was cna£ticl, by 1*^. Geo. T. cap. 35. for the bmH* 
difcovciy of ofTendcis, that Uie matter and waidens of the 
company of tylers and bricklayers fliould have power to fcan h 
brick-kilns, &c. ; but they having permitted, and even tw- 
couraged divers perfuii*. lo make bricks contrary to tlic 
diredions in the faid by 2 Geo. II. cap. i r/ility arc 
divetted of that power, and any two, three, or more pcrfoiis, 
appointed by the juttices of peace, are tmpewered, 
within 15 miles of London, to go in the day-time into any 
grounds, (beds, or phues where any clay or earth fliall l/e 
digged or digging for bucks or pan-tihu, or any Inicks or 
pan-tiles fliall be making or made for fait, and there to view, 
iearch, and infped the fame, kc. Offenders to foifeit .u 
fli.Hings for every thoiifand of unflaiiitable hrickfi, and ic» 
(hillings for every ihoufand of fiich tiles ; one moiety to the 
life of the profcciitor, the other to the poor of the pariih 
where the offence fliall be comn-itted. 

By 17 Geo. III. cap. 42. all bricks trade for fale (hall, 
W'hcn burned, be not lefs than 8i inches long, 2^ thick, and 

4 wide. 

By 45 Geo. III. c. 69. (confolidating the excife duties) 
paffed ^ly 4, 1803, every thoufanJ of bricks made in Great 
Britain, not exceeding 10 inches long, 3 inches thick, and 

5 inches wide, is liable to a duty of 5 s. and exceeding the 
fore-mentioned dimenlions to los. ; and every thoiifand of 
bricks made in Great Britain, and fmoothed or poliflicd on 
one or more fidcs, not cxcctding the fnperficial dtmenfions 
of 10 inches long by 5 inches wide, is fubjedl to a duly of 
1 2 s. and if fuch bricks exceed thefe dimennons, to the duty 
on paving tiles. The faid duties are to be paid by the 
makers. An additional duty of lod. per thoufand was impofed 
on bricks and tiles in the ways and imans for the year 1805. 

The different kinds of bricks made in this country arc 
place bricks, grey and u J flocks, marie facing 
bricks, and cutting bricKS. The place-bricks and (locks 
arc ufed in common walling. 'I'he niarles are made in the 
neighbourhood of London, and ufed in the oiitfide of build- 
ing ; thefe are very beautiful bricks, of a fine yellow colour, 
hard, and well burnt, and in every refpe^l fuperior to the 
(locks. The fined kind of marie and red bricks are called 
cutting bricks, they arc ufed in the arches over windows and 
doors, being rubbed to a centre and gauged to a hti^ht. 
There is alio a fine kind of white bricks made near Ipfwlch, 
which are ufed for facing, and fomclirncs biought to London 
for that purpofe. The Wiiidfor bricks, or firc-bricks, which 
arc made at Hedgcrlcy, a vill.ige ncai Windfor, arc red 
bricks, containing a very large propoition of fand ; ihcfc 
are ufed for coating furnaces, and Iiniiig the ovens of glafo* 
hoiifes, where they ftand the iiimoft fury of the fiie. Dutch 
clinkers arc alfo imported, long narrow bricks, of a 
brimttone colour, very haul and well burnt; thty are free 
qiiently warped, and appear almoft vitrified by the hcati 
The ufc of them is for paving yards and ttables. 

Br 1 c K eua/Zr. See Wa l l. 

Bricks, Oil of. See Oil ^ 0 /ivrs. 

Brick-^i^. It is a cuflom with iome perfons to reduce 
this fubttance to a very fine powder, and give it, inttead of 
chalk, in the hcait-burn. Many of the lozenges, fo much 
famed for the cure of this diforder, and fold under the pomp- 
ous name of coral lozenges, are only made of a mixture of 
this uncouth medicine, and fugar, made into the confidence 
of paftc, with gum tragacanth reduced to a mucilage with 
rofe-watcr. 

Brick is alfo ufed in fpeaking of divers other matters 
made in the form of bricks. 

In which fenfe, wc fay u penny-brick, or brick-bread. 
Some alfo mention brick-tin, a fort of tin in that (hape 
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brmiglit from Germany; and brick-foap, made in oblong 
pif*ces» from a pound and a half to three pounds. 

Bricki or rX*v 9 t«, lakreuluSi in the Military Art^ 
denotes one of the forms of the Grecian army» which was 
drawn up in the figure of a brick or tyle, with four un- 
equal fides; its length being extended towards the enemyi 
and exceeding its depth. That of the brick inverted, deno- 
minated turrisi was an oblong fqiiare, after the fafhion 
of a tower, with the fmall end towards the enemy. Homer. 
Iliad, /u. V. 43, 

Bricks, or Briques, in Heraldry^ are figures or beai^ 
ings in arms, rcfembling a building of bricks ; being of a 
fquare form, like billets; from whi^ they only differ in this, 
that they fhew their thicknefs, which the other do not. 

Brick earthy in Agriculture. See Bridijh Soil. 

Brick kiln^ a place to burn bricks in. 

BaicK-Aijfrr, an artificer whofe bufinefs it is to build 
with biick, or make brick work. 

Brick-layers w'ork or bufinefs, in London, includes tyling, 
u ailing, chimney work, and paving with bricks and tyles. 
In the country, it alfo includes the mafon's and plaiftercr's 
bufinefs. The materials ufed by brick-layers, are bricks, 
tyles, mortar, laths, nails, and tyle-pins. Their tools are, a 
brick-trowel, wherewith to take up mortar; a brick ax, 
to cut bricks to the determined fhape ; a favv, for faw'ing 
bricks ; a rub-done, on which to rub them ; alfo a fquare, 
wherewith to lay the bed or bottom, and face or furface of 
the brick, to fee whether they be at right angles ; a bevel, 
by which to cut the under fidcs of bricks to the angles ro- 
qiiired ; a fmall trannel of iron, wherewith to mark the 
bricks; afloat ftone, with which to rub a moulding of brick 
to the pattern deferibed ; a banker to cut the bricks on ; 
linepins, to lay their rows or courfes by ; plumb-rule, where- 
by to cany their work upright; level to condud it hori- 
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2ontaI ; fquare, to fet off right angles ; ten-foot rod, where- 
with to take dimenfions ; jointer, wherewith to run the long 
joints; rammer, wberowith to beat the foundation; crow 
an^ick-ax, wherewith to dig through walls. 

The London brick-Iaycrs and tylers make a regular com- 
pany, which was incorporated in 1568, and coufifts of a 
mailer, two wardens, twenty-eight affidanls, and one-hun- 
dred and eight on the livery. 

A brick-laycr and his labourer will lay in a day about 
1000 bricki, in w'holcwork, on a folid plane, when the wall 
is but a brick and a half, or two bricks thick ; and fmee a 
cubic yard contains 460 bricks, he will lay above two cubic 
yards in a day: and hence it may be eafily computed how 
many brick-layers are required to finifh a ceitain piece of 
work in a given time. 

Brick-laying is one of the arts fubfervient to architec- 
ture. Moxon has an exercife exprefs on the art of 
bricklaying, wherein h)e dc feribes the materials, tools, and 
methods of working ufed by brick-layers. See Brick 
Walls. 

BRicK-w<ri. Thei-e is very little to be added under 
this head, to what has been faid in tl>e preceding article, to 
which the reader is referred. 

Bricks, when ufed in external walls, are generally worked 
in what is called Flemi/h bond, that is, with headers and 
ftretchers alternately, and the courfes fo difpofed, that the 
middle of the bricks of one fall over the joints of the next. 
Brick-work is mtafured by the fquare foot reduced to the 
thicknefs of one brick and a half ; thus a wall two bricks 
thick, ten feet long, and three feet high ==» 30 fquare feet 
would be called 40 feet reduced. It is valued by the rod 
of 2; 2 feet. Facing and gauged arches are mcafured by the 
fuperficial fquare foot, and cornices by the foot running or 
the length. 




BRIDGE, in jirditeSurt, from the Saxon bjiic, ii aftruc* 
ture of carpentry, mafonry, or iron- work, built over# ri?er, 
canal, or valley, fo.* the convenience of paflin^ from one fide 
to the other, and may be confidcred aa a road fupported in 
the air by arches or lintels, and thtfe again fupported by 
proper piers or botmenti. 

Bridges generally form the continnation either of an high- 
way or of a ftreet ; in the firft cafe they are frequently built 
in a rude and cheap manner, and too often without proper 
attention to thofe principles which would tnfure permanence 
and folidity to the flruduret but when they take their lead 
or direction from a principal ftreet in a capital city, their con- 
ftrudion is attended with great expence, and a degree of 
elegance and durability is required in their formation, which 
calls for the utmoft judgment and fkillin the architeft. The 
magnitude of bi idgts alio varies with their fituation. When 
they are eredted in places not much frequented, theyare often. 


without any impropriety, made about eight or tin yards 
wide, but the breadth of a bridge for a great city fhould at 
lead be fuch as to allow a fafe and eafy paiTage for three 
carriages and two lirjrfemen abreaft, and for three or four 
foot paflcDgers in the fame manner on each banquet. 

A ftately bridge over a large and rapid river, while it it 
one of the moft difficult, ia juflly efteemed one of the molt 
noble and ilriking fpecimeiis of human art. To behold 
grand arches compofed of an immenfe quantity of fmall ma. 
terials, fo difpolcd and united together at to form one com- 
pared body, which, beftriding the llream, aifords above an 
ample communication with the diftant fhores, and allowi be- 
low an uninterrupted pafiage to navigation, is enough to 
awaken the admiration of every fpedtator. The art of bridge- 
building, accordingly, has received contiderable attentionfrom 
writcraoh architerniv^ the eariieft of whom is Alberti, who 
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hat given feveral judictoat precept^ « htcfi, with little altera- 
tiont were afterwards laid down by PalladiOy Scrlio, and Sea- 
mozzi. Tiic bed of tbefe rules are alfo given by Goldman 
and Baukhurd, and by Hawkefmoor in his htdory of Lon- 
don btid|;e* M. Caiuier has a coiifidcrable volume upon 
bridgvTS ancient and modern. M. Belidor has treated on this 
fubje^y in his “ Archit. Hydraulique and M. Parent, in 
his Eflais and Rechcrches Mathcmat.” vol. iii. De la Hire, 
too, has touched upon the fubjefi, in his Traite dc Me- 
chanique ;** Perronet alfo has given the rcfult of his experience 
in a magnificent work, which has acquired great credit in 
France ; BofTut has given an excellent treatife in the “ Me- 
moires de P Academic and Regemortes, in the year 1771, 
publifhed an account of a bridge condrufted by him on 
the river d^AUier at Moulins. This bridge confiils of 
thirteen arches, 64 feet fpan each, and 24 feet high. ; femi- 
ellipfis. — The top of the bridge is level. Mr. Rion pub- 
lifhed, in 1760, Short Principles for the Architedure of 
Stone Bridges;’’ and Mr. Semple has given fome excel- 
lent pradical remarks in his ** Treatife on Building in 
Water,” publifhed in Other writers on the fumed 

of arches and bridges are Muller, Labelve, Atwood, Emerlon, 
and Dr. Hutton in his ** Principles ot Bridges.” 

ffjfiory of Bridget . — We have no records which will en- 
able US to trace the art of bridge-building from its fird rude 
and imperfed date, through its various dages of improve- 
snent, to its prefent maturity and grandeur, ft cannot, how- 
ever, be doubted, that men in the earlied ages would do 
as our villagers do at prefent: the accidents ot nature would 
prefent a model; a CsUen tree, or a wave>wom cavern would 
Irequentir form a natural bridge, and the fird bridges were 
compofed of lintels of done or wood, either of length fuf- 
ficient to dretch from bank to bank, or when this was im- 
pradicable, fupported bv piers or pods pbced in the bed of 
the river. There are dill confiderable dru£^ures of this kind 
in China, and many of them in this country on a rural 
fcale. Tliis method, however, would in many fituations be 
Oppofed by infuperablc difficulties: the frequent P>crs re- 
quired for the fupport of lintels would, by contraaing the 
water-way, incrcale a drong current to a dangerous, rapid 
torrent, impeding navigation, and undermining and dedrcwing 
the piers themfelves. It would, therefore, be found necefiary, 
in condru 61 ing bridges over rapid rivers, to have the fupports 
IS few and didant, and the openings as wide as poffible ; this 
could only be effefted by the ufe of arches of done and trufles 
of wood ; accordingly thefe inventions mud have been com- 
pleted brfore bridges of importance had become common. 

The origin of arches is 10 obfeure, and our lights fo few, 
that it IS, perhaps, impoffible at this time to determine to 
vshom this invention is due. The Egyptians, fkilful as they 
were in architcAure, do not appear to have podeifed arches; 
-ihdr temjdes were roofed with flabs hid horizontdly from 
column to column, and the openings covered with maffy 
finteb, or, as in the paffageswitW the great pyramid, with 
eourfes of ftones projeding over one another like inverted 
Aeps, till they met at top. Some of their tombs, however, 
which arc excavated in the folid rock, have the appearance of 
vadca, is the ceffings are hollowed out in a circular form, 
md there ire indances of hemifphcrical niches. Similar forms 
lUbpie^intke Hindoo excavations at Ellore, in the Dec* 
emb in the idand of Salfctte. See Mr. Daniel’s Plates of 
tnffian Antiquities and Hindoo Excavations. This practice, 
tfMMudi it blithe form, his not the principle of an arch ; for it is 
evident that n foKd linul gains no itrength by teing hollowed 
hi the middle, neither is the execution more dtmcult ; and 
though both the Hindoos and Egyptians attained this ftep, 
the/ acvcTi H leaftf there arc no rcmiiii which authorize 
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us to fuppofe that they ever did make any further progrefi 
in the diumvery of arches. 

The Chtnefe are acquainted with the ufe of arches, and 
from the known adherence of this nation to ancient modes, 
we may attribute a very high antiquity to this practice anr*cng 
them. Their arches are of various forms, pointed, fcmi- 
circular, femi-elliptical, and borre-fhoe (haped ; their con- 
druCtton, as deferibed by Mr. Barrow, is curious, each 
done, from five to ten feet tn length, is cut fo as to form a 
fegment of the arch, and, as in fuch cafes there is no key- 
done, ribs of wood fitted to the convexity of the arch are 
bolted through the dunes by iron bars, fixed fad into the 
folid parts of the bridge. Sometimes, however, they are 
without wood, and the curved doncs arc morticed into long 
tranfvcrfc blocks of done." Mr. Barrow proceeds to ob- 
ferve, that “ there arc, however, arches wherein the dones 
are fmaller, and pointed to a centre as in ours. 1 have under- 
ftood from the late captain Parifh, that no mafonry could 
be fuperior to that in the great wall, and that all the arched 
and vaulted work in the old towers was exceedingly well 
turned.” 

However, the mod ancient arches, of whofe cre^ion we 
have dates, are thofe in the cloacae of Rome, which were 
begun by Tarquinius Prifeus. There are alfo arches ia 
feveral Greek theatres, dadia, and gymnafia, among others, 
the theatre of Bacchus at Athens, ere 61 ed, probably, 400 
years before the Chridian era. 

The Greeks, it is well known, often ncglcAed the mod 
neceflary objcAs to lavifh enormous fums on works of mag- 
nificence, though de dilute of any elTential utility. Pericles, 
fo far from thinking of aquaeduas, could never be prevailed 
^on even to condru£t a bridge over the little uephifus. 
The Romans difeovered, in this refpeA, a more folid man- 
ner of thinking ; they were, it is true, much attached to 
pomp, but they never neglected works of public utility : 
they never riiked their lives unnecefTarily in croffing a tor- 
rent, as the Athenians mud have done previous to the arrival 
of the emperor Adrian; for it was Adrian who undertook to 
form, by a bridge, a fafe communication acrofs the Cephi- 
fus, between the territories of Attica and Eleufis, on the 
mod frequented road of Greece. While, therefore, we 
aferibe to the Greeks the ufe of arches and vaults, properly 
condru6lcd for covering various openings in their buildings, 
we mud look to the Romans for the application of arches to 
bridges, and for the chief improvements in thofe ufeful 
druaiires. 

The condruAion of the Roman bridges is bed deferibed hj 
Bergier: they poiTefled all the requifites which are met with 
in a modern bndge ; they, confided of p/ 4 f, or piers, fomicetf 
or arches, fubUcetf or butments, favimenta% ana aggeret / the 
roads over in the middle for carriages, on each fide of which 
were decurforia^ or banquets, fomewhat higher than the red 
of the road for foot paiTengers, and feparated from it by a 
fponde^ or railing, and fometimes even covered over to fiielter 
paflengers from the rain, as in the Pons JEUus. Among the 
Romans, the building and repairing of bridges was fird com- 
mitted to the prieds, thence named poniijicet^ then to the cen- 
fors and curators of the roads, and ladTy, the emperors took 
the care of the bridges into their own hands. 

The ancient bridges of Rome were eight in number. The 
bridge of Fahriciusy which Joins the iiland of the Tyber to 
the city ; it is now called Ponte Quatro Cafky from the four 
heads of Janus, which arc placed upon it. The bridge of 
CeHtuty now called of San Bartholomeoy which from the 
other fide of the iiland pafits to Trans-Tevere. The fird 
bridge built at Rome, which was of wood, and thence called 
Pont SaUkiut^ was afterwards rebuilt of done by JEmiitus 
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LepUtii { fome Teftij^es are ftill to be feen at the bottom of 
the Aventine mountain* The bridge called Senaiorhu^ and 
alfo PalmuttUf of which fome arches remain near to Santa 
Maria* The bridge of Jamcuhut which* as it was rebuilt 
bj Sixtus IV* is now called Ponte SWo» The Milvtus^ now 
called Ponte MoUe. There are alio* near the hofpitd of 
Santo SpiritOf the remains of the Triumphal Bridge* fo 
named becaufe theproceiEon of the triumphs pafled over it to 
eo to theCajpitol. Near to this is the bridge ot Santo Angelo, 
formerly called Pons JERus^ from the Emperor JElius Adri- 
anus ; it was repaired by Nicholas V. and afterwards onia- 
mented with ftatues by Clement IX* Of thefe bridges the 
laft mentioned is the only one at all remarkable for fize. 

One of the moll celebrated of the bridges of antiquity w*as 
that built by Trajan over the Danube* It was erected by 
that emperor for the conveniency of fending fuccours to the 
Roman legions on the other fide of the Danube* in cafe they 
fhould be fuddenly attacked by the Daci* but demolifhed 
by his fucceifor* Adrian* left the barbarians* overpowering the 
|ruards fet to defend the bridge, (hould* by means of it, pour 
into Maefia and cut oflF the garrifons there* Some of the 
piers are ftill to be feen in the middle of the river* near the 
town of Warhcl in Hungarv. According to the deferip- 
tion spven by Dion Cailius* (lib* 68. cap. 13.) this bridge con- 
iifted of 20 piers of fquared ftone, each of them 150 feet 
high above the foundation, 60 feet in breadth, and 170 feet 
diftant from each other, which was the fpan or width of the 
arches, fo that the whole length of the bridge was nearly 
1500 yards. Confiderable doubt* however, is thrown on 
this account by Montfau^on, who obferves* that in the bafto 
relievos of the Trajan column, this bridge is reprefented with 
only four piers beudes the abutments* which fupport three 
brger arches or trufles of wood, with two fmaller ilone arches 
at the extremities. 

On the road from Loretto to Rome, at the bottom of 
the hill on which the town of Narni is fituated, there are 
the broken remains of an ancient bridge, which inpears to 
have been very magnificent* Its form and dimeammi are 
fiated by Agoftino Martinelli, in a book printed at Some 
in 1676* entitled Deferittione dc diverfi Ponti dfiftenti 
fopra la Fiume Ncra & Tcvcrc.” This bridge which joined 
two mountains* between which ftows the river Ncra* was of 
an extraordinary height* and was built in this maon^ by 
Auguftus* that the inhabitants of Narni might pa6 on a 
level from one mountain to another. The whole length was 
850 palms (637 feet). It confifted of four large and un- 
equal arches ; the firft* which was entire in the time of Mar- 
tinelli, while all the others were broken, was 100 palms (75 
feet) in fpan, and 150 palms (102 feet) in height; the 
fecond arch 180 palms {133 feet) in fpan ; the third 132 
palms (1x4 feet); and the fourth, which abutted agasnft the 
other mountain, 190 palms, or 142 feet* 

The Pont du Garden about 3 leagues from Nifmes, is a very 
confiderable Rotran work. This ftrufture was at once a 
bridge over the river Gardon, and an aquaeduS which carried 
water to Nifmes* The lirft row of fix arches* which is the 
bridge* fupports a fecond arcade of eleven arches, which is 
continued upon the fiope of the two mountains forming the 
valley; above the fecond is a third arcade of 35 arches, much 
fmaller than thofe below, fupporting the canal on a level 
with the two mountains, along which the water was con- 
ducted to Nifmes by a continued aqiiasduCt* This remark- 
able edifice is built of ftoncs of an extraordinary fize, con- 
nected together without cement by iron cramps. The 
length of the firft arcade is about 465 feet, of the fecond 
780, of the third 850, and the height from the river 190 
feet. 
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The celebrated Roman bridge PotH^ Su EJ^% near Lyonst 
has long been rrckoned one of the fineft and boldeft of the 
ancient oridges in France. Its whole length is upwards of 
800 yards ; it is very crooked, bending in many places* and 
making fevcral unequal angles* erpecially in thofe parts 
where the Rhone has the ftrongeft current* The arches arc 
from 15 to 20 fathoms wide, and have their feel, or the 
bottoms of the piers* protected by two pedeftals which pro- 
je^ from them; the lower part 01 the piers confifis of fcvcral 
courfes of footings jutting out like fteps. Between the 

g reat arches there are fmaller arches like windows that come 
own nearly to the top of the pedeftals, about the middle of 
the pier* This mode of conuruClion was adopted with a 
view of breaking gradually the mighty force of the Rhone* 
the feveral courTcs of fteps jutting out from the piers were 
intended to oppofc and break the ftream by portions* and 
prevent it from coming with its whole force at once upon 
the fabric ; and when the flood (hould rife fo high as to cover 
the fteps and pedeftals, then the fmall window-like arches 
would aflift to convey the water through, which might 
otherwife endanger the great arches* 

The bridge of Brioude is of great antiquity* and very re- 
markable* as the largeft ftone arch with wnich we arc ac- 
quainted* This bridge has only one arch* under which 
pafTcs the whole ftream of the river Allicr. The arch is 
fomed of two ranks of fouared ftones ; all the reft of the fa- 
bric is of rubble work. The two extremities of the arch arc 
founded upon the rock, which occafions the fprii^ing on one 
fide to be higher than on the other ; its fpan is 1 8 j ^et, and 
its greateft height from the water to the foffit of the arch is 
68 icct 8 inches, and the width of the bridge between the 
parapets is 13 feet. 

In the middle ages bridge-building was reckoned among 
the afts of religion ; and a regular order of hofpitallers was 
founded by St. Benezet, towards the clofe of the X2th 
century, under the denomination of pontificcs or bridge- 
builders, whofc office was to affift travellers by making 
bridges, fettling ferries, and receiving ftrangers in hofpitaS 
or houfes built on the banks of rivers. We read of a hof- 
pital of this kind at Avignon, where the hofpitallers dwelt 
under the dired^ion of their firft fuperior St* Benezet. The 
Jefuit Raynaldus has a treatife cxprefsly on St. John the 
bri^c-buildcr. 

The bridge of Avignon was begun in the year 1176, and 
finiflied in 1188; it confifted of 18 arches, and was about 
1000 yards in length. * Several of its arches have been dc- 
ftroyed by the rapidity of the currretit together with the 
force of the ice. 

Over the feveral canals at Venice are laid nearly 500 
bridges of different fizes; the greater number of them arc of 
ftone. The chief of thefe* called the liuiho^ is celebrated 
as a mafter-piece of art : it confifts of one flat and bold arch* 
nearly 100 feet fpan* and only 23 feet high above the water* 
and was built in 1588 to 1591 » after a dcfign of Michael 
Angelo. The breadth of the bridge* which is 43 feet* is 
divided by two rows of (hops into three narrow ftrects* that 
in the middle being the wideft ; and there is in the centre an 
open archway* by which the three ftreets communicate with 
one another* At each end of the Rialto is an afeent of 56 
firos; the view from its fummit is very lively and mag- 
nificent . The whole exterior of the (hops and the bridge is 
of maible. The foundation extends 90 feet, and refts upon 
12*000 elm piles* This ftrudure coft the republic 230*000 
ducats* 

The aqtixdttd bridge of Alcantara, near the city of Lif- 
bon* is one of the moll magnificent works of the kind ever 
executed. It was begun in the reign of John V* king of 
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Portugal, in the year 171J, and finifli-'d the 6th of Auguft 
1 ;,?2. The architc^, under whofe infpfAion it wag begun 
and finiilicd, was the brigadier Manfcl cie Maya. The ftreams 
which pafg through this du£l, for the ufe of the inhabit 
tnnts of the city of Lifhon and villages adjacent, have 
their chief fupply from a fpring near the Riberia de Caran- 
que, about three leagues and a half from Li/bon, where 
the aquedud commences ; and the water is conveyed from 
thence through the hills by fubterraneoiis pafisiges, where 
fome other fprings unite with it, and acrofs many valleys on 
the tops of ranges of very magnificent arches, of which that 
crofllng the vale of Alcantara is the ehitf. From a fub* 
terraneous courfc the water is conveyed through the build- 
ing on the top of the arches by means of two channels, each 
of which is about 12 inches deep ; it generally flows about 
the depth of 7 inches, and is an abundant and never-faiU 
ing fupply of water to Lifbon. The interior height of the 
building is about 13 feet ; and through the centre, between 
the ftreams, is a wide handfome walk or foot-path, paved 
with beautiful free-ftone. Tnc builduii) is continued the 
fame height and width through the whole of the aquedud 
from Lifbon to the fpring, near the Riberta dc Caranque, 
fo that if by accident any part becomes out of repair, the 
workmen have cafy accefs to it. The fubteirancous paf- 
fages are lighted and ventilated by frequent openings made 
from the (urface of the earth into the aquedud ; and over 
each of ihefc openings turrets or fquare towers arc creded, 
which have windows latticed with iron bars to admit the 
light and air, and at the fame time to prevent mifebievous 
perfons from throwing any thing into the building to in* 
jure it. 

This pile is lighted and ventilated by 79 windows snd 16 
turrets; the former are three feet feveii inches long by 13 
iuches wide, railed with iron and latticed with bars ; the 
latter nfe 2J feet fix inches above the roof, and are 16 feet 
fquare ; benearh every fecotid turret is an arched door- way 
into the aquedud on each fide of the building, wherein the 
water flows, and between that building and a parapet wall is 
a foot-path hading from L'fbon tow^ards the very phafant 
village of Bcmfique, about 4 miles from Lifbon, where fevc- 
ril gentlemen have their quintas or country-feats : one in 
particular, the quinta of Gerard de Vifme efq. an Englifh 
merchant of the firft eminence, mu ft not pafs unnoticed ; it 
if a perfed palais enchante, whofe fliady bowers, beautiful 
gardens, fine ponds, purling ftreams, and fportive fountains, 
are frequently honoured with vifits by the queen and royal 
fiimily. 

The water channel under the grand arch is about 24 feet 
wide, and feven feet deep, but, except in very rainv feafons, 
no water palTes through this channel; the fmall running 
ftream conftantly pafling through the vale of Alcantara is 
conveyed by a very narrow channel under the pavement 
through the grand arcb, and then continues its courfe 
through the valley, in a ftream between two and three feet 
wide till it empties itfelf into the Tagus at Alcantara 
bridge, about the dtftaace of two miles from the aquedud. 
The expence attending the execution of fo magnificent a 
work, and keepitig the fame in repair, has been iomenfe, yet 
the fmall tax of a fingle rey on evei7 pound of meat, raifes 
a fund fufficieot for the purpofe. lliere is a chapel feen 
through the eleventh arch, dedicated to Nofla Senhoni doa 
Terramotos, our Lady of the Earthquakes ; in commemo* 
ration of that dreadful event the earthquake in 1755, when 
the ^eateft part of the city of Lifbon, with moft of her 
ftitely buUdiDgii aodmagiuficcBt tcmplesi were letdled with 
the ground. 


BRIDGE 

The width of the dlflcrent Arches arc as under: 
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The height of the grand arch is 227 feet, and the total 
length of the piers and arches 2464 feet. 

Several of the bridges in France arc remarkable for their 
fize and boldnefs of conftrudion, among which may be men- 
tioned the bridge of Ncuiily, built by M. Perronet, ever the 
Seine, on the alignment of the great avenue of the Champs 
Elyfees, in front of the palace of the Tuilleries. This bridge,, 
which is level at top, confifts of five equal arches of 120 
feet French (128 feet Englifli) in fpan, and 30 feet French 
(32 feet Englifli) rife. The arches are oval, compofed of 
eleven arcs of circles of different diameters; thus the up- 
per portion of the arch was formed with a circle of 160 
feet radius, which, by its fettlcment during the building, 
and after the ftrik’ng of the centres, was flattened, till it 
became an arc of a circle of 2 fret radius, diflering fo 
tit from a platband, that, as Perronet obfrrves, the rile of 
the curve, ^ IT) a length of 33 feet, amounted only to 6 inches 
9 lines. The piers arc 14 feet wide, and the breadth of the 
bridge 48 feet. It was begun in the year 17CS, and termi- 
nated in 1780. 

The bndge on the Scire, at Mantes, confifts of three 
arches, that in the centre having an opening of 1 20 feet 
French (128 Eoglifl)), and the two others lotS fett French 
(116 Englifli); the piers being 25 feet 6 inches wide, and 
the abutments 29 feet. This ftru£^ure was begun by M. 
Hupcau in 1757, and completed by Perronet. 

The bridge of Pont-Saintc-Maixence, on the river Oife, 
on the great road from Paris into Fiamlcrs, is alfo a work 
of PerronePs. This bridge, which is 41 feet wide, has three 
arches of 77 feet opening each, being a fegment of a circle 
deferibed with a radius of 118 feet. Each pier is Angularly 
compofed of four cylindrical pillars 9 feet diameter, leaving, 
therefore, three fpacet or intercolumniations between them, 
which arc arched over, the two external ones clofed with a 
thin walling, and the middle one left open. 

The bridge over the Loire, at Orleans, is compofed of 
mne arches, which fpring at 22 inches above low water ; 
the middle arch is jo6 feet in fpan, with a rife of 30 feet ; 
the two arches at the extremities being 98 feet wide and aO 
feet high, and the others in proportion; the four middle 
pwrt 19 feet, the four others 1 8 feet, and the abutments 23 
feet 6 inches thick, umkinff the whole length 1100 feet; the 
arches are oval, deferibed From tbrcc centres. This bridge 
was built by M. Hupeaui begun ip 17 jo, and fiaifticd in 1 760. 
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Wc have many bridge# of confiderablc note in our own 
country. The triaiiffular bridge at Croyland in Lincolnfhirc, 
which was creSed about the year 860, is faid to be the mod 
ancient Gothic llrufture remaining entire in the kingdom. 
There are twocirciimftanccs inthccondru-flion of this bridge, 
which render it an objeA of great curiofity. Firft, it is formed 
by three femi-arches, whofc bafes (land in the circumference 
of a circle, at equal diftanccs from each other. Thcfe unite 
at the top i and the triune nature oT the fl.ru<aiirc has led 
fomc to imagine that it was intended as an emblem of the 
Trinity. Secondly, the afeent on each of the femi-arches is 
by fteps paved with fmall llonts fet edge-ways, and is fo deep, 
that none but foot-paflVngei’s can go over the bridge ; horfe- 
mcn and carriages freouently pafs under it, as the river in that 
place is but {hallow. For what purpofe this bridge was really 
defigned, it is difficult, if not impoffible, to determine. UtU 
lity, it is obvious, was one of the lead motives to its cre£lion. 
To boldncfsof dcfign and fingulatity of conllrudtion it has 
more powerful claims ; and thefe qualities it mud be allowed 
to poflefs in as great a degree as any bridge in Europe. Al- 
though this bridge has been creded fo many centuries, it ex- 
hibits no marks of decay : twelve months ago there were no 
fiflures to be perceived in cither of the arches, and all that was 
miffed were a mound and feeptre, which have been torn from 
the hands of a llatue of king Ethelbert by the ruthlefs hand 
of time. 

London bridge is in the old Gothic dylc, and had twenty 
fmall loci> s or arches ; but there are now only 29 open, two 
having lately been thrown into one in the centre. It is 940 
feet long, 44 high, and 47 clear width between the parapets. 
The pivrs arc from i to 35 feet thick, with derliugs pro- 
jeding U each fide and end, fo that the greated water-way, 
when the t-d?- is above the derlings, is 545 feet, fcarcely half 
the breadth the river ; and below the ilerlings the water- 
way is reduced to 204 feet, caufing a dangerous Call at low 
water. London bridge was firil built vrith timber in the 
reign of Ethelred, between the years 993 and lo|6; It was 
repaired, or rather rebuilt of timber in 1163, and |hc j^efent 
done bridge was begun under king Henry II. in IiylS, and 
finifhed under king John in the year 1209. It is probable 
there were no houlcs on the bridge for upwards of apdycars, 
fine- we read of a tilt and tournament held on it in 1395. 
Holies were crc6led upon it afterwards, but bcin^l found a 
great laconvcnicncc and iniifancc, they were removed in 
1738, and the avenues to the bridge enlarged, itnd the 
whole made more commodious : the two middle arefaea were 
then thrown into one, by removing the pier fiom between 
them. The cxpence of the repairs amounted to above 
bo,oool. 

There were otlier bridges in England built in the manner 
of London bridge; as the bridge at Rocheltcr, which is 
f;5o feet long, and has ii arches ; alfo the late bridge at 
j^cwcallle upon Tyne, which was broken down by a great 
flood in the year 1771, for want of a fufficient fpacc for 
water-way tlirough the arclics. The longril bridge in 
England is that over the Trent at Burton, budt by Bernard 
abbot of Burton, in the 12th century. It is all of fquared 
free-ftotie, aud is llrong and lofty, 1545 feet in length, and 
confiding of 34 arches. 

The bridge at Blenheim confifts of three arches, the chief 
of which fpans 101 feet 6 inches. 

Near Old Aberdeen there is a bridge over the river Don, 
very much celebrated. It is in the Gothic tade. Tb.ere is 
alfo a remarkable bridge called Sarah or Ifland bridge, built 
over tlie Liffey above Dublin, in the year 1792, by Mr. 
Alexander Stevens, a mafon from Edinburgh ; it conlids of 
a Angle elliptical arch toC> feet fpan, and only rifing 22 tect ; 
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it is therefore fix feet wider than the Rialto at Venice, and 
one foot Icfs in height. 

But the mod extraordinary bri^e in Great Britain is, 
doubtlefs, that over the river Taff, near Llantrifscnt, in 
Glamorganfliirc, called in Wclfti Pont y ty Prydd* This 
is the work of William Edwirds, an uneducated mafon of 
the country, who was only indebted for his flcill to his own 
indurtry aud the power of his genius. He had engaged, in 
1746, to build a new bridge at this place, which he executed 
in a dylc fuperior to any thing of the kind in this or any part 
of Wales, forneatnefiof workmanfiiip, and elegance of defign. 

It confided of tiirce arches, elegantly light in their condruc- 
tion. The hewn Hones were excellently well drcllcd and 
clofely jointed. It was admired by all who faw it. But 
this river runs through a very deep vale that is more than 
ufually woody, and crouded about with mountains. It is 
alfo to he confidcrcd, that many other rivers of no mean 
capacity, as the Crue, the Bargoed TafF, and the Cunno, be- 
fides almod mimbcrlefs brooks that run through long, deep, 
and wtll -wooded vales or glens, fall into the TafF in its pro- 
grefs. The defeents into thcfe vales from tlic mountains 
being in general very deep, the water in lung and heavy nniu. 
colleds into thcfe rivcjs with great rapidity and force, raiC- 
ing floods, that in their djfcriptions wouUl appear abfolntely 
incredible to the inhabitants oF open and flat countiies, 
where the rivers are neither fo praripitate in their courfes, 
nor havcfiich hills on each lide to {well them with their tor- 
rents. Such a flood unfortuiiattly occurred after the com- 
pletion of this undei talcing, which tore up the largcft trees 
by the roots, and carried lliem down the river to the biidge, 
where the arches were not fulficieiilly wide to admit of their 
pafTage. Here, theicfore, they were detained. Brufli vvood, 
weeds, hay, llraw, and whatever lay in the way of the flood’, 
came down, and collefted about the branches of the tre:8, 
that duck fad in the arches and choaked the free ciinent of 
the water. In confequciicc of tliis ohdru'^lion to the flood, 
a thick and drong dam, as it were, was thus formed. The 
aggregate of fo many collected (Ircarrs being unable to get 
any further, rofe here to a prodigious height, and, with the 
force of its pri fTare, carried the bridge entirely away before 
it. W illiam Edwards had given fecurity for the dability 
of the bridge during the Ipace of dven years ; of courfe he 
was obliged to eiv£t another, and he proceeded on his duty 
Willi hU poflible Ipccd. The bridge had only Hood about 
two years and a half. The fecend Oridge was of one arch, 
for the piirpufe of admitting freely under it whiitrver incum- 
brances the floods might bung down. The fpan or chord 
of this arch was i^o feet, its altitude 35 feet, the feg- 
ment of a circle whofc diameter was 1 70 feet. The arch 
was finiflied, but tiie parapets not yet treded, when fiich 
was the preffure of the unavoidably ponderous work over 
the haunclits, that it fpning in the middle, and the key- 
lloncs were forced out. I’his was a fcserc blow to a man 
who Lad hitherto met with nothing but misfortune in an 
eiiterprife which was to cftablifli or ruin him in his prcfcfiion. 
William Edwards, however, pofTeflVd a courage wliich did 
not cahly forflikc him ; he engaged in it a third time, and 
by means of cylindrical holes through the haunches, fo re- 
duced their weight, that there was no longer any danger 
from it. The fccond bridge fell in 1751 ; the third, which 
has dood ever fince, was completed m X/fj.** (Mr. Mal- 
kin’s Tour in South Walts#) The prefect arch is 140 feet 
in fpan, and 35 feet high, being a fegment of a circle of 
175 dia.meter. In each Jmuuch thcr.; are three cylindrical 
openings running ihrougli from fide to fide ; the diameter 
of the lowed IS nine feet, of the next fix fett, and of the 
uppennod three feet. The width of the budge is about 
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eleven feet. To ftrengthen it horizontally, it U made widcft 
at the abutments, from which it coiitradls towards the centre 
by feven off-fets, fo that the road-way is one foot nine 
inches wider at the extremities than at the middle. 

The bridges of Weftmmfter and Blackfriars, over the 
river Thames at London, arc among the fined druf^urei of 
the kind in Europe. The former is lazo feet long, and 44 
feet wide, having a commodious broad footpath on each 
fide for paflengers. It confids of thirteen large, and two 
fmall arches, fourteen intermediate piers and two abutments. 
The length of each abutment is 76 feet ; the opening of 
each of the fmallcr^ -arches is 25 feet ; the fp;^n of the fird 
of the large arches at each end 185:: fett, of the next 56 feet, 
and fo on increafing by four Feet at a time to the centre 
arch, the fpan of winch is 76 feet. The two piers of the 
middle arch arc 17 fc?t wide, and the others decreafe cqu» 5 ly 
on each fide, by one foot at a time, every p’er terminating 
with a fahent right angle againd either dream. The arches 
arc fcmi-circular, and fpring from about the height of two 
feet above low water. The breadth of the river in this 
place is about 12 20 feet, and the wat<r-way through the 
bridge amounts to 870 feet. The bridge was begun in 
1738, and opened for paffciigers in 1750, at a neat expcnce 
of 2 18, Bool. It is condruded of the bed materials, and in 
a neat and elegant tade ; but the arches are too fmall in pro- 
portion to the quantity of mafonry. 

Blackfriars bridge, nearly oppofue to the centre of the city 
of London, was begun in 1760. and completed in ten years 
and three quarters, at a neat expence of 1 52,840!. It is an ex« 
ceedingiy light and elegant dru<!dure ; but, unfortunately, the 
materials do not feem to be of the bed kind, as many of the 
ftones in the piers are decayed. The bridge confide of nine 
large, handfomc, and nearly elliptical arches ; the central 
arch is TOO feet wide, and the four arches on each fide, 
reckoning towards the (bores, decreafe gradually, being 98, 
93, 83, end 70 feet rcfpcAivcly, leaving a water-way of 788 
feet. The whole length from wharf to wharf is 995 feet, 
the breadth of the carriage-way 28 feet, and that of the 
raifed foot way on each fide feven feet. The upper furfacc of 
the bridge is a portion of a very large circle, w'hich forms 
an elegant figure, and admits of convenient paflTage over it. 
On each pier there is a recefs or balcony, with two Ionic 
columns and pilasters, which Hand on a circular projection 
of the pier above high water mark. The bridge is rounded 
off at each extremity to the right and left, in the form of a 
quadrant of a circle, rendering the accefs commodious and 
agreeable. This edifice muft or regarded as a fine fpccimen 
of Mr. Mylne's ingenuity and judgment, though the method 
of conftrudion has never been made pubiic. 

Befides the bridges already mentioned, there are many 
other neat and elegant (truftures in different parts of Great 
Britain and Ireland. The bridge over the Tecs at Wintlon 
in Yorkdiire, was defigned by fir Thomas Robinfon, and 
built by John Johnfon, a common mafon at Walfingham, 
in the year 1762. It confiffs of a fingle arch Jo8 feet 
9 inches fpan ; is built of rubble-ftone ; and coil only 500). 
An elegant ffonc bridge has lately been built over the 
Tweed at Kelfo, upon the plans and under the dircdlion of 
Mr. John Rennie. This has five elliptical arches of 72 feet 
fpan each ^ is quite level at top. It has two Doric pilailerst 
which ftand on a circular projeAion of the pier, with a fimple 
block cornice. The coff of this bridge was about 13,000!. 
cichifive of the roads at each endt which coft about 3000I. 
more, in all i6,oooL 

The bridge over the Peafe, or rather Peathi, on the road 
from Dunbar to Berwick upon Tweed, is rather an uncom 
mon ftrudure* This bridge crofiea a deep ravine called the 


Peaths. It confifti of four femi«circular archti. That at 
the eaff fide of the ravine is 54 feet fpan ; the fecond 55 
feet ; the third 52 feet, and the further or weftern arch 48 
feet. The height of the bridge, from the bottom of the 
ravine to the furface of tl<e road, is 124 feet. The (ituation 
is beautiful, and has a moff romantic appearance. It was 
defigned and built by the late Mr. David Henderfon, 
archittdl in Edinburgh, and does him confiderable credit. 

The aqurdud bridge, conffru^led by Mr. Rennie on the 
river Lune at Lancaller, is one of the moft magnificent works 
of the kind which has been eredled for the purpofes of navi- 
gation. At the place wherr it is built, the water is deep and 
the botfo'n bad. It confifis of 5 arches of 70 feet fpan each* 
and about 39 feet above the furface of the water. It has a 
haiidf ime conree, and every part of it is finifhed in the bell 
msDuer. The foundation^i arc laid at the depth of 20 feet 
under the furface of the waier, and ftand on a fl ooring of 
timber, fupparted by piles. The foundation alone coll 15,000!. 
Tne fuperii inflate cod above twice that fiim, although the 
(lone was found within about a mile and a half of the place 
where the* aqutdudl was built. Barges of 60 tons burthen 
navigate the canal. The total height from the furface of the 
river to the furfacc of the canal is 5 1 feet. 

It may be obferved in this place, that the Romans always, 
without any exception that we arc acquainted with, made 
their arches cither of a fcrni-circh, or of a Icfler fegment of 
a circle. The voulfoirs wtre generally iicludtd between two 
concentric curves, on which account thtfe are called extra- 
doffed arches. The earlier Italian arcliitefls followed the 
example of the Romans in the forms of their arches, which 
are either femicircnlar, or of a finaller fegment, called by 
them area Intkro, and arco feemo^ from which term our work- 
men liavt* taken that of jkeme arch* Elliptical arches are 
veiy much uled by the engineers of France, moft of the 
bridges in that country being in this marintr. The French 
diffingnini their arches into three kinds, Pa$*c pleln*ceintre^ 
rare furhanffe, and/’rirc furhaUJe ; the fird is a fcmi-circle, 
the fecond hi her, and the third lower than a femi-circk, 
being formed by the greater 01 f(naii:*r axis of an ellipfis { in 
praAicc, however, tlufe arc generally compofrd of fcvcral 
arcs of circles of diiVerciic dianteter, as in this cafe the joints 
arc more eafily traced. The arcs fiirbaiflci are alfo called 
anfe de panler. The arc bomle is an arc furbaiffe, formed by 
a fegment of a circle. 

The ancients alwavs laid their wrought ftones without 
mortar between the joints, frequently ufing iron cramps to 
conned them more firmly together. Their large arches, and 
thofc which had to bear very great we»«ilit8, were compofed 
of feveral ranks of voufToirs cxiradoffcd, and breaking joint, 
as is feen in the great cloaca of Rome, and in feveral bridges 
and aqiiedu6l». Modern arcliitcAs, however, generally ufc 
only one rank of vouffoirs, each of which is terminated at 
top by a horizontal joint, and laterally by a perpendicular 
joint, for the puipofe of ranging better with the courfes of 
the haunches and fpandrtls. 

The decoration of bridges ought to be fimple and large, 
their beauty confiding chiefly in the proportion of the voids 
and folids, the coritour of the arches, and apparent llrength 
and folidity, together with boldnefs of conilru6tion. How- 
ever, many modern architcdla have carried fimplicity to ex- 
cefs, particularly in Paris, where the arches of all the bridges 
arc plain, and without any member of architedlure. A 
happy iatroduflion of ruflic work of various forms and 
fixes breaks the monotony of the large mafles, and enriches 
the edifice. This method was often employed by the an- 
cients, and we never find that they negleAed to ornament 
the arches of their bridges with arcbivdts more or lefs rich* 
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Pkikdioii in tH his defigni of bridges, has never omitted this 
fimpleft and beft decoration of arches. Cornices aiid 
liiftrades alfo are |>oth ufeful and oruameiitid in thefe 
ftro^ures. 

Generally fpcaking, large arches arc more cxpcnfivc than 
biallcr. In a bridge lately dcHgned over a river, wherein 
the foundations wtre very diMcult to coiillruA, one defign 
with three arches of x i6 feet each, was eftimated at 1 3,1 74I. 
and another of dve arches of the fame kind was edimated 
at ia,04iL» which was contracted for and built for the 
above fum. 

fVooJen hrlJget now demand our attention. The (implcd 
cafe of thefe edifices is that in wliich the road way is laid 
over beams placed horizontary, and (iipported at each end 
by piers or pods. This mtlhod, however, u deficient in 
ftreiigth and width of opening : it is therefore nccefTary, in 
all works of any magnitude, to apply the principles of 
trufling, as ufed in roofs and of arches. Wooden bridges 
of this kind are diff frames of carpentry, in which, by a 
proper difpofition, beams are put, fo as to dand in place of 
iolid bodies, as large as the fpaces which the beams enclofe ; 
and thus, two or Uiree or more of thefe are fet in abutment 
with each other, like mighty arch dones. 

Palladio has given feveral very elegant defigns of wooden 
bridges, which he thus defenbes. The bridge of the 
Cifmone. The Cirmone is a river, which, falling from the 
mountains that divide Italy from Germany, runs into the 
Brenta a little above BafLno. And, becaufc it is very ra* 
pid, and great quantities of timber are fent down it by the 
mountaineers, it was refolved to make a bridge there, with- 
out fixing any pods in the water, which were liable to be 
carried away by the violence of the current, and the Ihock 
of the dones and trees that continually came down. The 
invention of this bridge, (fays Palladio,) is, in my opinion, 
very worthy of attention, as it may ferve on nil occafions 
where thefe difficulties may occu", and becaufe that bridges 
thus made are ftrong, beautiful, and commodioui | ftrong, 
becaufe all their parts mutually fupport each other | beauti- 
ful, becaufe the tcxtuix of the timbers is vetr agreeable ; 
and commodious, being even, and in the fame fine with the 
remaining part of the ftreet. The river where this bridge 
was ereAed is 100 feet wide ; this width is divided into fix 
equal parts ; and at the end of each part, excepting at the 
banks, which are ftrengthened with piladers of done, the 
beams are placed, that form the breadth of die bridge, 
upon which, a little fpace being left at their ends, were 
placed other beams lengthways, which form the fides. Over 
thefe, diredly .upon the fird, the colontUi (king* pods) 
were difpofed on each fide ; thefe king^pods are connected 
to the beams which form the breadth of the bridge by 
means of irons paffing through the proje£ling ends of the 
beams, and bolted and pinned through both, Sccjfg. i. 
P 4 i/eXXXIL of ArchiteQure. 

Palladio proceeds to deferibe three other methods of con- 
firufting wooden bridges without pods in the water, like 
the bridge over the Cifmonc. The bridges after the fird 
method are to be made in this manner : the banks being 
ftrengthened by pilafters as neceffity (hall require, one of 
the beams forming the breadth of the bridge is to be placed 
at fome diftance from it, then the fird drut is to be placed 
with one end upon the pier, and the other end abutting 
againd the fird queenHood, which is to be connedted with 
the beams by irons. Then the fecond beam for the breadth 
is to be placed at a didance equal to the fpace between the 
firft beam and the pier, which is to be lupported in like 
manner with a ftnit and queen-pod, and thus proceeding 
as far as is required, obferving to have a king-pod in the 
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middle of the length in which the ftruts meet both w|ys, 
and with collar b^ms between all the pods which ftiffen 
and fupport the whole condrudlion. bridges after this 
manner are to be wider at the extremities, and contradt to- 
wards the middle. Seej^f* Pfote XXXII. of Architedure^ 

The invention of the following bridge has the upper part 
which iupports the weight in the form of a polygon, in* 
feribed in a fiat fegment of a circle ; the beams forming the 
breadth of the road- way arc upheld by king-pods and irons, 
and the whole diCTened and fupported by braces eroding on^ 
another between the king-pods. Struts at each end, reach- 
ing from the piers to the fird beams, arc alfo added to (horten 
the bearing, and increafe the drerigth of the fabric. See 
fis* XXXIII. of ArchlUEture, 

The third defign may be made with a greater or fmaller 
arch than is here reprefented. The height of the bridge, 
in which arc placed the braces between the king-pods, or ra- 
ther radii, is to be an eleventh part of the fpau. (Sec /&*• 
P/^/rXXXlII. of-^rr/.//ri»tfre. 

Mr. Coxe, in the fird volume of his Travels, has flightly 
deferibed a very fingular bridge at Wittingen, in Swiflenand, 
the condruftion of which is quite fimple. The fpan is 230 
feet, and it rifes only 5. The flcetch PL XXXIIL) 
will make it fufficicntly intelligible. ABC is one of two 
great arches approaching to a Catenarian fhape, built up of 
7 courfes of folid logs of oak, in lengths of 12 or 14 tectj 
and 16 inches or more in thickncfs. Thefe arc all picked of 
a natural fhape, fuiicd to the intended curve j fo that the 
wood is nowhere cut acrofs the grain to trim it into fhape* 
Thefe logs arc laid above each other, fo that their abuttmg 
ioints are alternate, like thofe of a brick wall ; or, in the 
language of the workmen, they break joinU It is indeed a 
wooden wall, fimply built up by laying the pieces upon each 
other, taking care to make the abutting joints as clofe at 
poiliblc. They are not fattened together by pins or bolts, 
but held together by iron ftraps, which furround them at 
the didance of five feel from each other, where they arc 
fadened by bolts and keys. Thefe two arches being ercAed, 
and well butted againd the rock on each fide, were freedi 
from their fupports, and allowed to fettle. They are fo placed 
that the intended road abe interfe^lB them about the middle 
of their height. The roadway is fupported by crofs joilis, 
which red on a long horizontal fummer-bcam ; and this it 
connedted with the arches on each fide by uprights bolted 
into them. The whole is covered with a roof, which pro- 
jcAs over the arches on each fide, to defend them from the 
weather. Three of the fpaccs between thefe uprights have 
druts, or braces, which give the upper work a fort of truf- 
fing in that part. This bridge is ot a drength much more 
than adequate to fupport any load that can bie laid upon it ; 
though it is manifeu, by the attempt to trufs the ends, that 
it was the contrivance of a perfon ignorant of principle. It 
was the work of one Ulrich Grubenhamm, of Tuffen, in the 
canton of Appenzel, a carpenter without education, but 
celebrated for leveral works of the fame kind. 

At Schaffhaufen, in SwiiTcrland, where the Rhine fiowt 
with great rapidity, fcvcral done bridges bad been dedroyed, 
when, in 1754, Grubenhamm offered to throw a wooden 
bridge of a fingle arch acrofs the river, which is nearly 390 
feet wide. The magidrates, however, required that it (hould 
confid of two arches, and that he (hould, for that purpofe, 
employ the middle pier of the lad done bridge, whi^ would 
divide the new one into two unequal arches of and xpj 
feet fpan. The carpenter did fo ; but contrived to leave it 
a matteir of doubt, wncthcr the bridge is at all fupported by 
the middle pier. It was crefted on a plan nearly fimilar to 
the Witteogen bridge, at the expence of about fioooL ftcr- 



240 


BRIDGE 


ling. Travcllfra inform that it ftiook if a man pafTed over 
it; yet waggons heavily laden alfo went over it withont 
danger* We arc forry to add, that this curious bridge was 
burnt by the French when they evacuated Schaffhauleot In 
April 1799* 

Befides the wooden bridges already deferibed, there arc fe* 
veral elegant and well conurudted eoihees in Great Britain ; 
the moft eminent of which wasthat at Walton-upon-Thames. 
U'his bridge confifted of three wooden arches, and five btick 
arches at each end ; tlie middle arch was 130 feet in fpan, 
with a rife of 28 feet, corftrudled of three principal ribs, 
framrd in the manner reprefented in Plate XXXIV. of 
ArchiuBure. It vras the defign of the ingenious carpenter, 
Mr. Etheridge. 

Iren tri/fgeu Iron being the moft abundant, cheap, and 
generally uftful of all metals, has of late been employed in 
many works where great ftrength was required in proportion 
to the weight of the material: hence cylinders, beams, and 
pumps for (learn enginer, boats, and barges for canals and 
navigable rivers, beams and pillars for warchotf.^s, and other 
lar,'e buildings, and at length bridges have been conftrudtcd 
of iron. 

Iron bridges arc the exclufivc invention of Britifh artifts. 
The firft that has been ere£lcd on a large fcalc is that over 
the river Severn, at Coalhrook Dale, in Shropfh're. This 
bridge is compofed of five ribs, and each rib of three con- 
centric arcs connected together by radiating pieces. The 
interior arc forms a complete ftmicirclc, but the others ex- 
tend only to the cilh under the roadway, Thtfc arcs pafa 
through an upright frame of iron at each end, which ferves 
as a guide; and the fmall (pace in the haunches between 
the frames and the outer arc is filled in with a ring of about 
feven feet diameter. Upon the top of the ribs arc laid call 
iron plates, which fuftain the roadway. The arch of this 
bridge is 100 feet 6 inches in fpan; the interior ring is caft 
in two pieces, each piece being about 70 feet in length. It 
was conftrudled in the year 1779, by Mr, Abraham Darby, 
iron mailer at Coalbrook Dale, and mud be corfidered as a 
very bold effort in thefirft inllance of adopting a new mate- 
rial. Th'e total weight of ihe metal is 378^ tons. 

The fecond iron bridge, of which the particulars have 
come to our knowledge, was that dtfigned hy Mr, Thomas 
Pa;ne, author of many political works; It wasconflruftcd 
by Meffrs. Walkers at Rotherham, and was brought to Lon* 
don, and fet up in a bowling* gricn at Padingcoti, where it 
was exhibited lor fomc time. After which it was intended 
to have been fent to America ; but Mr. Payne not being 
able to defray the exprnce, the manufaAnrers took it back, 
and the n:4alieable iron was afterwards worked up in the coa- 
ftni£lion of the bridge at Wearmouth. 

The third iron bridge of importance eredled in Great 
Britain, was that over the river Wear, at Bifhop Wear- 
mouth, neaf Sunderland, the chief proje^or of which was 
Rowland Burdon, efq. M. P. As this is the moft confi- 
derable ftrudure of the kind, it may be proper to give a 
brief fketch of its hiftory. In confcquence of the increafing 
trade and population of Sunderland and the two Wear- 
mouths, the ancient ferry, which was almoft in the middle 
of the harbour had become very infufficient and unfafe, fo 
that, befidea frequent delays and difappointments, feve- 
ral inftinces had occurred of the lofs of lives. About the 
year 1 790, in which Mr, Burdon was returned to parliament 
by the county of Durham, Come gentlemen interefted in the 
welfare of tne town and neighbourhood of Sunderland, 
united for the purpofc of removing the evils anfing from the 
ferry, and Mr, Burdon was appointed one of the committee. 
Conceiving at firft tbat a ftone bridge would be proper, they 
began to adopt mcafares for its ercoion. An atchtuA wao 


chofen to carry on the neceiTary works, who in due time 
produced planst eftimates, and a model of the intended edi* 
fice. But as the wrvrk was of confiderable magnitude and 
importance, it was thought expedient to refer the defign to 
the opinion of fome gentlemen of celebrity for fcientific and 
radical knowledge in and near the metropolis ; their report 
ting unfavourable, the feheme of ereding a ftone bridge 
was abandoned. The committee, however, being now 
warmly engaged in the bufinefs, continued to profecute 
their inquiries ; and Mr, Burdon in particular being fre* 
quently called by his parltsmentary duty to London, waa^ 
very diligent in bis eudeavours to obtain information and 
bints from various quarters, as to the peculiar advantagea 
and difadvantages of different materials, aa well as of 
various modes of conftrudion. Mr, Burdon bad the good 
foitune to be aliifted in the maturing of his plans by 
Mr. Thomas Wilfon, a truly ingenious man, and at the 
fame time to learn much of the conftrudion of iron 
bridges from Meffrs. Walkers, of Rotlierhsm, fo that at 
length he became perfuaded that iron would be the moft 
proper material of which to form the propofed bridge* 
He tinught it bed, however, to adhere to the ancient 
conftrudion, by dividing the arch into portions in the man- 
ner of arch ftones, and taking advantage of the dudility 
and tenacity of iron to pi educe an arch of that metal at 
lead fifteen times lighter than a correfponding arch of done, 
and capable of being put together upon an ordinary fcaffbld- 
ing, in dead of an accurate centre, in a much fhorter fpacc 
of time, 

Mr. Wilfon, in conjundion with Meffrs. Walkers, con- 
ftruded and fet up an experimental rib at Rotherham, which 
being found to anfwcr expedition, the fuccefs of the expe- 
riment was communicated by Mr. Burdon to the town of 
Sundftiand and the county ; and his propofition for the 
eredion of an iron bridge was acceded to. The firft ftone 
was laid in September, 1793; and Mr. Wilfon was ap- 
pointed to the fupcrintendance of the work. The iron* work 
was cad by Meffrs. Walkers, of Rotherham, and the arch 
was turned upon a very light but firm fcaffolding. fo judi- 
cioufly condruded tbat not any interruption was given to 
the paffage of the numerous vefftls which navigate the 
bufy river of Sunderland The mode of bracing the riba 
was fo fimplc and expeditious, that the whole was put 
together and thrown over the river in ten days; the fcaf- 
folding was immediately removed, and the bridge opened 
for general ufeon the ptb of Auguft, 1796, 

During the period occupied in ereding the bridge, 
Mr, Burdon took out a patent to fecure the invention 
of ** a certain mode or mionerof making, uniting, and ap- 
plying caft iron blocks to be fubftituted in lieu of 
Kcy-dones, in the conftrudion of arches.*' He thus pro- 
ceeds to deferibe his invention, which ** confifts in apply* 
ing iron or other metallic compofitiuns to the purpofe of 
conftruding arches upon the fame principle aa (tone is 
now employed, by a fubdivifion into blocks eafily portable, 
anfwertng to the key-ftones of a common arch, which 
being brought to bear on each other pves them all the 
firmnefs of the folid done arch, whilft, by the great va- 
cuities in the blocks, and their refpedive diftancet in their 
hteral pofition, the arch becomes much lighter than that 
of ftone, and by the tenacity of the metal the parts are 
fo intimatelv conneded that the accurate calculation of the 
cxtrmdos and mtridos, fo neceffary in ftone arches of mag- 
nitude, ia rendered of much left confeqiienee. 4. PJate^ 
XXXIII. of AreUieBure reprefenti a block of caft iron, five 
feet in depth from A to A, and four inches in thicknefs, bav- 
bg three arms B, B, B, and miking a part of a circle or elUp* 
fit I ihe middle arm is two feet in length from B to C, and 
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Ae ctlici two arc iu piopoilioii. On each fide op the arms 
arc g'oovcs (three Quarters of an inch deep, and thrt'c inches 
broad) for the purpofe of receiving mnilcable or bar>iron, 
and in cacli arm arc two bolt holes, D. 2. reprefents 

two ot thefc blocks placed together, and the joints coiifiiied 
to thvir rcfpc£livc pofitions by the bar-iron on each fide of 
the anus as at K, E, E, which, with other fimilar blocks fo 
united and bearing upon each other, become a rib. Fi^, ,5. 
and F, F, 2. are hollow tubes fix feet long, and four 
irscli*"^ in diameter, having rnoulders at each end, with holes 
ant'vvering to tlic^fc of the blocks ; O is a block of another 
rib connected with the former by the tubes F, F, placed ho- 
rizontally. Through the holes in the fliouldtrs and arms of 
tb.o block and bar-iron are bolts, fallened with cottereU or 
forelocks, as at H, H, H, H. The blocks being united 
with each other in ribs, and the ribs connc(fted and fupported 
laterally by the tubes as above dcfcribcd, the whole becomes 
one muf^, havirg the property of key Hones ci-amped toge- 
ther. '' This extrad ferves to explain the more minute puns 
of the conftrudiou ; a few words more will deferibe the 
.ilrwdure itfelf. 

The bridge confids of a fingle arch, whofe fpan is 236 
'feet ; and as the fpringing (lonts at each fide project two feet, 
the whole opening is 240 feet. Tlic arch is a fegment of a 
circle of about 414 feet diameter, its verfed fine is 34 feet, 
and the whole height from low water about joo feet, ad- 
mitting vtflels of from two to three hundred tons burthen 
to pafs under, without drikiug their mafta. A ftrics of one 
hundred and five blocks form a rib, and fix of thefc ribs 
compofe the breadth of the bridge. The fpandrcls, or the 
{paces betw'ccn the arch and the roadway, are filled up by 
oa(l-iron circles, w'hich touch the outer circumference of the 
arch, and at the fame time fupport the roadwayi thus gra- 
dually diminifliing from the abutments towards the centre of 
the bridge. There are alfo diagonal iron barSf w*hich arc 
laid on the tops of the ribs, and extended to the abutments 
to keep the ribs from twilling. The fiiper(V«j£tore is a 
ilrong frame of timber planked over to fupport th^ carriage- 
road, which is compoied of marl, limc-llonc, and gravel, 
with a cement of tar and chalk immediately Upon the 
.planks, to preferve them. The whole widili of thr bridge 
ts 52 feet. The abutments are maifes of almoft folid ma- 
ibnry, tw'cniy-four feet in thicknefs, forty-two in breadth at 
bottom, and thirty-feven at top. The fouth pkris founded 
on the (olid rock, and rifes from about twenty-two fett above 
the bed ef the river. On the north fide the ground was not 
fo favourable, fo that it was neceffary to carry the fouuda- 
lion ten feet below the bed. The weight of the iron in thu> 
extraordinary fabric amounts to 260 tons ; 4^) of thefc arc 
niHllcable, and 244 call. Tlic entire expeiicc wa$ -7,000!. 

From this account of the bridge acrofs tht Wear, the 
attentive reader will fee much to admire in its conflruAion i 
it is not, however, totally free from defeats. We conceive 
that the fpandrels arc very improperly filled np. It is true, 
that it is done in fuch a manner as is exceedingly li^lit and 
pleafing to the eye ; but the iron hoops may, we think, be 
eafily coroprefled at the points of contaa, and changing 
tlieir (hape will oppofe very little rcfi (lance. As the arch 
forms fo fmall a j^rtion of a circle (about 64} degrees), tlic 
weight at the fpring of the arch need not, according to the 
theory of equilibration, be double to tliat at the crown, 
to fupport, without danger of rifing, any preflure arifing 
from tne rnaft of the (IruSure itfelf ; but in fo fiat and 
light an arch, an overload on any part mull have a great 
tendency to bend it, and confequently tend confultrably 
to break it, at a difiant part, with all the energy of a 
long lever : we tbinki thcrcferci that a better form might 
VOL. V. 
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have been adopted ttiau what has been put in piadlicc .v 
Wearmoutli bridge. 

Tht third iron oridge is that over the Severr. at Ilnildwas 
about two miles above: Coalbrook Dale. An old lloi^r 
bridge of three narrow arches havii.g been carried away by a 
high flood in 1 795, the prefent iron bridge was planned and 
built by the C'oalhrook Dale Company, under the fuperin- 
tendaiice of Mr. 'I’liomas Telford, the county frrvcyor, ii« 
I79($. It coiifill'i of a fingle arch, i ;o feet in fpan, the 
rife from the fpringing to the fof‘uc being 27 feet; and a«. 
it was thought neccn’ary to keep the roadwoy as low ns pof- 
fiblc, the outlide ribs aic made to go up as .high as the rail • 
ing ; they arc conneded with the ribs that bear the co- 
vering plates, by meaiis of pieces of iron dovetailed in the 
form of king-polls. Tlic plai*.s which compofc the covering 
over the lowtr ribs, arc call with deep fiaunchea ; they arc 
laid clofe to each other, and form an arch of themkdves. 
Thtfe fide ribs, or arches, would have added much more to 
the llrength of the bridge than they now do, had the mate- 
rials been of a fubfiance that would not expand or contrail ; 
but that not being the cafe, they, in warm weather, w!:cii 
they expand, rather tend to derange the other parts of the 
bridge than llrcngthcn it ; and the appearance of the whole 
is by no means pleafing. 

About the fame time that the bridge at Build was was 
eredltd, an iron bridge was thrown over the river Tcme in 
Htrefordlhirc. Its parts were fo (lender and ilbdifpofed, 
that no fooncr was the wooden centre taken away than the 
whole tumbled into the river. 

The (plcndid example of the bridge at Wearmouth gave 
an impuife to public lade, and cauftd an emulation among 
artids, which has produced many examples and more pro- 
jedls of iron bridges. The Coalbrook Dale Company nave 
condrufted fcvcral, among which is a very neat one over the 
river Parrot at Bridgewater. Mr. Wilfon, the engineer, 
employed by Mr. Durdon, has alfo built feveral, and has 
lately finilhed a very elegant one over the river Thames, at 
Staines, which is by far the moil complete in defign, as well 
as the bed executed, of any that has hitherto been creded. 
This bridge confids of a fingle arch, j8i feet in fpan, and 
16 feet 0 inches in rife, being a fegment of a circle of 
480 feet. The blocks, of which the ribs arc compofed, 
are fimilar to thofe in the Wearmouth bridge, except that 
thefc have only two concentric arcs inllead of three, as at 
the latter. The arcs are call hollow, and the blocks con« 
ne( 5 ted by means of dowels and keys ; thus obviating the 
great dck£l obferved at Wearmouth, of having fo muck 
hammered iron expofed to the a£liou of the air. Four ribs 
form the width of the arch, which arc conncflcd together by 
crofs-frames. I'hc Ipandrels are filled in with circles, which 
fupport a covering of iron plates an inch thick : on this 
is laid the roadway 27 feet wide. Two hundred and fc- 
venty tons arc the weight of the iron employed in the bridge, 
and three hundred and thirty of the roadway. 

For further pra^lical details on tht condruAion of bridges, 
the reader is referred to the articles Foundations in IVaier^ 
Caisson, Cofferdam, &c. 

Bridcf.s, theory of. In confidering the theory of 
bridges, the firtl objcfls of enquiry are, the nature of an arch, 
and the princinles on which depend its (lability and perma- 
nence. It will be feen, by reierrtng to the article Arch in 
this dtflionary, that we have adopted the opinion of thofe 
mathematicians who conceive that an arch is kept in equi- 
librium, or from falling, by the weiglit or vertical pveUure 
^-of the' fnperincumbent wall or mafs* The principles on 
whi. h they proceed, have now obtained the name of ibc tbeot j 
of EquUibraiion* 
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It will ht readily admitte^li by thofc who attend to thefe 
fubje^ts, that whatever properties may be fliewn to relate to 
a geometrical or lineal arch, confidered without tliicknefs, 
and of its fuperiacumbent plane, may be eafily and fafely 
trant^ferreil to a real arch of fulid materials, and the heavy 
matter fuliained by it ; for it is manifell that a folid arch 
may be conceived either to be generated by the motion of a 
linear arch, and its pi me in a dire£lion perpendicular to that 
plane, or to be made up of an indefinite number of fuch 
equal linear arches and coirefponding planes ; and in cither 
cafe, what is (hewn to obuiti with reipedt to the former, may 
without hefication be applied to the latter. This the reader 
will keep in mind. 

The firft hint of a principle which we rccolleft, is contained 
in Dr, Hooke's afiertion, that the figure into which a chain 
or rope, perfe6lly flexible, will arrnvge itfclf when fufpended 
from two hocks, is, when inverted, the proper form for an 
arch compofed of ftones of uniform wtight. The realon af- 
ligncd for this principle is, that when the flexible feftoon of 
heavy bodies becomes inveitud, (till touching one another in 
the fame points, the force with which they prefs on each other 
in this laft cafe, io equal and oppofitc to the forces witli which 
they draw each other in the cafe of fufpcnfion. The curve 
formed by a rope, or (Ivx^ble chain, of extremely fmall links, 
when thus fiifpcnded, is well known to our geometricians by 
the name of the ciUenarlan curve; by the French it is called la 
chainette. If a cu»^ ve of this kind be difpofed in fuch a manner 
that its vertex (hall be uppermoft; and if a multitude of globes 
be foarran,/ed that their centres (hall be in the circumference 
of this curve, they will all remain motionlt^fs and in equili- 
brium : much more will this equilibrium fubfift, if, inttcad 
of globes, we fubftitute thin vouffoirs, having flit fiict, 
which touch each other in dirediions perpendicular to the 
curve. In the former cafe, the equilibrium will be deftroyed 
very eafily, jull as a globe rciting on a plane furface is eafily 
put into motion; in the latter, the equilibrium cannot be de- 
itroyed without confiderabl* force, juft as when a heavy body 
is placed upright on a broad fi.it bife, it will not only (land, 
but will n qu.re confi ferable force to piifh it over. 

Since the catenarian curve is readily defcribed mecha^ 
nically, it is no wonder that this principle of Dr. Hooke's 
ihould he very generally received ; but many of thofc who 
adopted it, forgot that it could not be extenfively applied, 
without certam modifications : thefe modification?, it will be 
ften farther on, caofe this principle to coincide exactly with 
the true theory of cqui ibration. As to the contrary, it is 
manifeft, from what wc have already faid, that it is only the 
form of a very flencler arch rib of uniform thicknefs, and un- 
fit for the purpofi of a biidge ; which requires a confiderable 
mafs of mafonry to lie upon the arch and fill up the fpace to 
the roadway, thus completely dtftroying the equilibrium at 
firft eftablifhed i» the arch itielf. It would be poflible, in- 
deed, to conllruft a catenarian curve of equilibration, having 
a huiizontal line for the rxtrados, but then the thicknefs of 
the mafs above the crown of the arch mu ft be enormous ; 
thus, fora catenarian cf ioo feet in fpjn, and 40 feet high, 
the diftance from the top of the arch to the horizontal ex< 
trades muft have been nearly 37 feet tocufurc an equilibrium. 
For thefe reafons the catenarian curve has been very feldom 
ufed in the ereftion of bridges. 

Another principle, which was firft alTuined iibout the end 
cf the 17th ccijtury, is, that every perpendicular column of 
mafonry ^bovc the arch is merely kept from Aiding down 
the arch by the next adjoining column. It is very obvious, 
at firft fight, that this principle is not confiftent with nature ; 
it has therefore found but few advocates. When analytical 
exprefifions are deduced for the curvature of arches con- 


ftrudied on this principle, it is worth ob ft wing, that they co- 
incide cxaAly with thofc which would flow from the fuppofi* 
tion that the arch was in equilibrio, in confcqurnce of having a 
fluid, with a horizontal furface, prefling upon every part oMt. 

A third principle is drawn from the confideration of the 
arch ftones being fniftums, or parts of wedges. This prin- 
ciple, we believe, originated in France, and has been prefented 
in various forms by Dc la Hire, Bclidor, Varignon, Parent, 
and other French philofophers, and lately by our ingenious 
countryman Mr. Atwood. 

In the method now alluded to, it is confi iered what 
weight, in or upon a wedge, is balanced by forces a^ing 
againft the fides ; or what force fuch a wedge exerts both 
horizontiilly ard perpendicularly to its fides ; and thence it 
is computed what mull be the pofition and (liape of the con- 
tiguous wedges of given weights ; or what muft be their 
weights to a given lhape and pofition, fo as juft to exert 
the adequate degree of finance required by the firft wedge ; 
and fo on, ftom wedge to wedge, till the whole is balanced. 
A mere arch conllruded in this way, w'ould remain in cqui- 
libr'so aolong as the conflituent vouffoirs had liberty to Aide, 
without fridl OT’, down the rcfpedtve inclined planes on which 
they lay. This* method is, indeed, liable to m^ny objedlions. 
Firft, this theory requiie-, that, cither the di-nfityorthc mag- 
nitiidt of the refpi'Aive voiiflbirs, from the crown to the foot 
ofthenrch, fhould keep conftantiy inertafing in propoition to 
the differences of the tangents of the fevcral angle?, which 
the joints of the vouffoirs make with the vertical axt of the 
curve. Now, if the archittd flioiild wifh to cha;}ge the 
dcnlity of his materials in the rtquiicd proportion, wt know 
not what materials he could ule ; for the denfity muft al- 
ways be very great towards the fpring of the arch ; and, in 
many cafes, it muft be inlinitcly gr- at. If, 011 ilie other 
hand, the magnitudes of the voufloirs were gradually in- 
creafed, it would be neceflary that tlu'fe at the fpring, and 
confcquently the .‘hutment?, fhould be imimtnUiy great, and 
often infinite; befides, that the wedges muft be cut to dif- 
ferent oblique angles, very difficult in execution, anti totally 
unfafe when erefted, as the acute angles would be in conftant 
danger ot fluftiing off. Here, too, in rtal pradlicc, there 
wimlci be a total want of balance, on account of the mats of 
mafonry and rubble work, whicli fills the fpace between the 
arch and the road-vi'ay, But even this js not all ; the arch 
ftones cannot be made, nor indeed ought they, to 61 as the 
truf nuthrm^ticAl wedge, *^he prop-rtKsof which w.re cm* 
ployed in attempting to tllabliih the equilibrium. 'I'hc 
wedge of thefe theoriftsis fuppofed to have iu butting iidcB 
perfcftly polilh. d, siid 10 have its weight or other h.rce on 
its back bilanced by proper equivalent forces ading pcrpcn- 
diculriily againft thofr fidts. Now tliis is fo far trom being 
the cafe in the pradice of bi idge-building, that architeda 
contrive to have the butting fults of their wedges fo rough 
as to occafion a great deal of fridion between tticm j and to 
increafe the adhefiori of thefe fides th- more, they introduce 
between them the beft and itrongeft cement they can pro- 
cure. By thefe means, fo far trom the arch ftones being 
kept in their placts only by forces perpendicular to their 
butting fides ; and having liberty to (li Ic along thof.' fidts, as 
in the wedge theory, they are abfolulcly prevented from the 
poffibiltty of fo Aiding, and in a great meafure k<*pt in their 
places in the arch, by forces that ad even perpendicular to 
tbofe which the wedge theory requires. On thcle accounts, 
then, wc conceive that, however fpecious and plaufiblc this 
theory ntay appear on paper, it ought not to be admiUedt 
fince it is manttcftly inapplicable to any cafe which can ever 
occur in real predice. 

On the cottiraryi the theory which we have adopted, or that 
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given bjr Emerfon in hh fluxions, publiflied in tbc year 1742, 
and which has been fo ably and judicioufly handled by Dr. 
Hutton in particular, is confident with nature and with 
truth. This theory cftabliflies an equilibrium among all the 
vertical prefTures of the whole fabric contained between the 
foHit, or under-fide of the arch, and the road-w'ay over all. 
It is now very generally adopted by the moll fltilfiil engi- 
neers and architefts, as the only true one ; becaufe it fc- 
curcs a balance in the whole of the pondcrating matter, by 
making an equality at every point of the cui*ve, betw'ecn all 
the adjacent prelTurcs when reduced to the tangential direc- 
tions, or perpendicular to the joints, which are fiippofed to 
be at right angles to the curve of the arch in every *part, as 
fuch ftruclures naturally require them to be : for, if the 
joints be perpendicular to tbe curve, tliere will arife a lateral 
prelTure, whofe direction is not along the tangent ; which, 
wanting a force to fultain it, will deftroy the cquilibiium, 
and fome of the ftones will endeavour to dy out. 

When fpsaking of the principle advanced by Dr. Hooke, 
we obferved, that by means of peculiar n odiucatious, it 
w’as capable of univerfal application to cafes oL-curring in 
pradlicc, and was at tlie fame time confident with the theory 
wc have alTumcd. This we fhall now' proceed (o flicw. In 
P/.XXXVIIT. ArchhenureJs- I* VI. (referred 

to in the article Arch ) completely inverted. Let this ivprc- 
fent a flexible chord or chain, void of gravity, luing'ng fiom 
the points A and G, which are fixed ; at the points B, C, 
D, E, F, fuppofc w eights t ) be fufpendtd, (adiug in the 
diredlions BH, Cl, DK, See.) proportional to the fcveral 
lines Bi, Cm, D E/, and Then the cafe now be- 

fore us will be the complete in\crfion of that which is firft 
ftated in Prok i. article Arch, the drawing forces in this 
inftance being rcfpe£livcly equal and oppofitc to the fcvc’al 
prtlTmg forces in that : therefore, every thing proved there, 
by means of the compofition and rcfoiution ot forces, will 
be found to obtain here, only in a contrary direftion* Con- 
fequently, if the number of weights hanging from the chord 
ADG be indefinitely incrcafed, it will alTumr a curvilinear 
ftiape, fimilar in its nature to the arch of equilibration, only 
in an inverted pofition ; and the various theorems which re- 
late to the w'cights and preflTures of the ftanding arch, apply 
with equal facility and accuracy to the weights hanging 
from the fufpended arch. Whether, therefore, wc confider 
the ftanding or the hanging arch, it is equally true, that in 
the cafe of juft equilibration, the column either pre fling or 
draw'ing at any point of the arch is reciprocally as the radius 
of curvature and the cube of the fine of the angle, in w'hich 
the vertical line cuts the curve in that point (Cor. 2. pr. i. 
Arch) ; or, fince thecofecant vaiiesaslhe fine inverfely, the 
column above-mentioned is reciprocally as the radius of cur- 
vature, and dirciftly as the cube of the fecant of Uic curve’s 
inclination to 'the horizon, in the given point 

But the analogy between the ftanding and the hanging 
arch has been traced out, not fo much for the purpole of 
corroborating the true theory of equilibration, as for the 
fake of deducing from it a very popular and general mode 
of conftruAion ; ftriAly accurate in its principle, and vet fo 
limple in its application, that the moft. illiterate artift may 
fafely pradife it. Suppofe it were required to afeertain the 
form of an arch which (hall have the fpan AG {Jig* 2. PL 
XXXVllLArcLUeaurt) and the height D 8, and which (hall 
have a road-wi^ of the form B£C above it. Let the outline 
flgure ABECG be inverted, fo as to form a figure A SecG» 
Sufpend a fine chain of uniform thicknefs from the points A 
and G, and of fuch a length, that its lower point will hang 
a little below </, correfponding to D. Divide AG into a 
number of equal parts (the more the better) in the points I9 


2, 3, 8cc. and draw vertical lines, cutting the chain in the 
correfponding points 1, 2, 3, &c. Now take pieces of an* 
other chain, whofe links are eafily feparated, and ha ig 
them on at all the points 1, 2, 3, See* of the chain A rIG : 
trim thefe pieces of chain, by taking off links at tomr 
places, and hanging on at others, till tiitir lower ends all 
coincide with the inverted road-way bee. The greater 
lengths hung on in the vicinity of A and G, will pull down 
thofe points of the Chain, and caufe the middle point r/, 
which is Icfs loaded, to rife a little, and bring it near to ili 
proper height. It is obvious this is an arch of equilibration 
for a bridge fo loaded, that the weight of the arcli-lloncs 
is to that of the fuperiucumbent matter between the arch 
and road-way, as the weight of the chain A <7 G, is to the 
fum of the weights of all the little bits of chain, very near- 
ly. But this proportion is not known before-hand ; wc 
mull, therefore, proceed thus : adapt to the curve produced 
in this way fuch a tliickruTs of the arch-ftoncs as may be 
.thought fufficient to enfure (lability ; then compute the 
weight of the arch- Hones, and the eight of the rubbles, 
or other materials with which the hautrehes are to be filled 
up to the road-way. If the proportion of thefe two 
weights he nearly the fame with the proportion of the 
weights of the chain, wc may lell fatisfied with the cnrv'c 
now found : but if it be much differcul, w'c may foon find 
how much fiiould be added to, or taken from, the appcndf*d 
bits of chain, in oukr to make the two proportions equal. 
Wc‘ (hall then have a curve infinitely near to the inverfion of 
the curve wanted, 'riiis method we can fafely recommend, 
as we know it to have been frequently ufed with facility and 
fuccefs. 

It would draw us far beyond the limits wc arc obliged to 
aflign onrfclvcs, were wc to give a complete view of the 
theory in all its branches : thole who are defirous of obtain, 
ing a more intimate acquaintance with the fubjc£l arc, 
therefore, referred to Dr, Hutton’s ingenious treatife on 
bridges ; for our owm parts, we muft content ourfelves with 
juft touching upon a few of the moft important particulars. 
Under the article Arch, and the correfponding plate, we 
have given figures of the extrados, of a circular and ellipti- 
cal arch of equilibration ; from which it may be feen how 
far the extrados extends from the vertex of the curve, before 
it becomes unfit for a road- way by rcafon of its bending up* 
wai ds : in this refpedl, it appears, that tbe flat ellipfis has 
the advantage of the circular arch ; but the cycloidal arch of 
equilibration, though fiuiilur to thefe, has the advantage of 
both, bteaufe the extrados runs farther on, neaily parallel 
to the arch before it comes to the point of inflcdlion. Wc 
(hould obferve, however, that in many cafes, even of circu- 
lar or elliptical arches, the evil arifing from the infledlion of 
the extrados may be thrown off to a greater diftance, by a very 
Ample expedient : for, in an arch of equilibration, as 
^.3. PL XXXVIll. of ArchiteSuret whofe extrados is EIK 
SF, fince the points at n, 0, &c. are kept in equilibrio by 
the heights of the wall I m, K n, L 0, &c. if the lines I m, 
K n, L9, 5 cc. be divided in a given ratio, in i, i, /, flee, the 
fmailer mafs, under the new extrados e, 1, will dill fe* 

cure the equilibrium. Now it is obvious, that the lower extra* 
dos runs much farther from the crown than the upper one, 
before it has a point of infledlion : and hence appears one great 
advantage arifing from the ufe of iron in bndges inftead of 
ftonc. Suppofe, for inftance, that an arch was to be con* 
ftru^ed, havinr tbe fpan AD, and height CB, and that 
tbe ne^eflary thicknefs of a ftone arch at the crown was 
BS ; here it is plain, that if the road-way were made, having 
a pra6\icable (lope as SKu, it would fim far below the re- 
quired extrados at Kl£| and confequeatlyt the arch, for 



244 


BRIDGE 


want of t fufScient wci^lit over the portion Amu, and an 
equa) portion on the other fide of the vertex* would be in 
conflant danger of rifing in the haunchea. But a bridge 
formed hollow iron voiiflbira would be abundantly Itrong, 
with far lefs thicknefa over the crown, a« B j ; and then the 
true extrados eiiyy would, in every part, have a proper 
flope for a road-way ; while, at the fame time, the firufture 
as in no dangrerof being defiroyed for the want of an cqnilt* 
brium in all its parts. 

Wc have mentioned under the article Arch, what kind of 
arches ought to be preferred in the cre*?^ion of bridges 5 and 
have fticvvn which arc ftrongcit : we may here obferve, that 
if there be two arches of the fame kind, with an equilibrated 
load over each of them, the llrcngth of the one wi.l be to the 
ftrength of the other reciprocally as the radii of curva- 
ture at the vertices of the two arches : hence an elliptical 
arch, Handing on its (hot ter axis, will be iironger than a fe* 
m'circtilar arch of the fame fpan ; and the femicircular arch 
of equilibration will be ftrongcr than a flit e liptical arch of 
the fame fpan. As to the ifFeCt of an additional weight 
over any part of an arch, it will vary in proportion of the 
honz^uital diftauces from the fxtrcmiti.-a of the arch. 
Hence the greatcll danger arifing from an additional weight, 
is when it lies over the crown of the arch ; for then the pro- 
duct of the horizontal difianets from the abutments is equal 
to the fquare of the femi-fpan, and la the greatefl thnt can be. 

Since in any arch of equihbration, the prrffurc arifing 
from the incumbent weight at any point is reduced to the 
direction of the tangent at that point, wc have in any fuch 
arch V BJj. 4. P/ XXXVIII. of the weight 

of the part V BE A, the prefTure aloner the lantrent FB, and 
the horizontal preffure in direction D B, refprftivciv as the 
lines F D, B F, and B D, or as the correfponding lines in a 
triangle, whofc fides arc fcvcrally perpendicular to thofe in 
B D F. Hence, it is cafy to find the area of the portion 
A £ V B| thus : make c v parallel and equal to C V, the ra* 
dius of curvature at the vertex ; and draw cb pcrpcnd'cular 
to the tangenf B F, meeting v I the perpendicular to e v in 
bi then in the triangle cvb, c v correfponds to D B, and 
vb to DF ; and the area of the parallelogram a v, having 
« e = V E, is equal to the area of A B V £ ; in like manner, 
by drawing eg perpendicular to G 1 , the tangent at G, we 
fliould have the jparelteiogram h b equal to the portion H B 
over the part G B of the arch. The area of the fpace 
H £ V G, between the arch and the road-way, being thua 
afeertained, its wtighc of courfe becomes known, and, con- 
fequcntly, its horizontal pre (fore again (I the abutment, as at 
G : for it will be, as the line %)gi ve \i the weight over the 
femi-arch : the horizontal thruH againfi the abutment, or a 
pier, at G. 

But in eftimatlng the thruft againil the piers, &c. it is 
moH common to alccrtain the petition of the centre of gra- 
vity of the load above the arch. Now, in cafes of equili- 
bration, this m*':y fometimes be efft^ed without much diffi- 
culty : for it is well known, that if a heavy body be fuf- 
tained by two forces, their dircAions moH meet, either at 
the centie of gravity of that body, or in a vertical line 
which pafTes through it ; therefore, fince the whole incum- 
bent weight over a propeily balanced arch, is fuflained in 
equilibrio by two forces, ading in the direAion of the tan- 
gents to the extreme points of the curve, the centre of ^ra- 
lity of the materials upon the arch viull be in the vertical 
line which paffts through the jiiterfoAion of thefe tangents : 
and in tnoft cafes occurring in praAice, the centre of gra- 
vity will be nearly eqni-diftaiit from the extrados and intra- 
dot of the equilibrated arch. Thus, in the curve A V B, load- 
ed to the equibbrittflii^. 5. PL XXXVIII* of Ar$hit08t$r$^ 


the centre of graei^of ihefupcrineumbent mafs is in the ver« 
tical line D paiung through the interfedion of the tan« 
gents A D, and B D. And the centre of gravity of the 
materials A V H K, between the crown and the abutment, 
is about the middle of the vertical line £f, pafiing through 
the interfeAion ol the tangents A D and V i. II the arch 
be part of a circle. # V is the tangent of half the arch A V, 
which, fubtraAed from half the fpaT', leaves A G *.a fine of 
A V — tangrnt of half A V ; and lince Ge =: verfod fine of 
arc A V — verfed fine of arc eV, wc (hall, by adding 
to Ge, have the altitude oF the centre of gravity, from AC 
the horizontal line. If AV he a parabola, AG = ^ AC; 
but if it be an equilibrated curve, with a horizontal extra- 


dos, then A G = 


VHxCVx R 
2 VH+C V ' 


where R is the radius 


of curvature of the arch at the crown. When the arch ia 
not juflly equilibrated, other methods of finding the centre 
of gravity of the mafa fupported mult be had recourfe to. 
Sec Hutton on Bridges, p. 49—5(5. It may be worth 
while, however, to deferibe here an cafy praAical method^ 
accurate enough, for molt purpofes : namely, to draw, on • 
piece of card paper, a plan of the arch, and its load; then 
to cut out half of it as D A B C, fig. 6. PL XXXVIII. of 
Archltedurey and to determine experimentally the point K in 
the piece cut out, on which, when fupported, the whole will 
red ; for this point will manifefily corrtTpond with the centre 
of gravity. 

The place of the centre of gravity being determined, we 
may now (hew how to afeertain the thicknefs of a pier, ne« 
cefTary to fupport a given arch. Let ABC D, 6 . PL 
XXXVIII. reprefent the mafs over half the arch; DEFGthe 
pier. From the centre of gravity K of the mafs, draw K L# 
perpendicular to the horiz'm ; then the weight of the arch 
in the direAion K L, will be to the horizontal pu(h, or lateral 
prelforeat A, in thedircAion L A, as KL to LA. For the 
weight of the arch in the direAion K L, the horizontal pulh in 
the direAion LA, and the oblique pu(h in the direAion KA, 
will be as the three (ides KL, LA, KA. So chat if A 

LA 

denote the weight or area of the arch, then A, will be 


its force at Ain thedircAion LA; and x GAxA, iti 

cffeA on the lever G A, to overfet the pier, or to turn it 
about the point F. Again, the weight of the pier will be 
as its area £F x FG, and, foppofing the load over the arch 
and the pier to be of fimilar materials, EFxGFx^FOor 
|£F X FG*, is the effcA on the lever ^FG to prevent the 
pier from being overfet. Here it is fuppofed, that the 
length of the pier, from point to point, is the fame as the 
thicknefs of the arch, and that the centre of gravity of the 
pier falls in the vertical plane bifeAing F G. Now, that the 
pier and the arch may be in equilibrio, the two effeAs juft 

ftated mud be equal : therefore, we have j £ F. F G*s=; x 

G A X A, from which it follows, that the thicknefs of the 
- . -p/-. ^zGA'AL ,, 

p>eriiFG=v'£F-7jn:’<^- 


In the above inveftigation, in is fuppofed, that the whole 
of the pier is out of water : but if any pirt of it be tm* 
merfed m water, that part will lofe b much of iti weight aa 
is equal to its bulk of water, if the water can get below the 
pier or into the joints. This, however, may eafily be 
brought into the calculation. By applying the above the- 
orem to the feveral cafes which m^ay arife, the thicknefs of 
the pier may be foandi fo that it balance the fpread 
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«r (boot of the trcli» independent of any arch on the other 
fide of the pier. But the weight of the pier ought a little 
to preponderate, or exceed in effed, the (hoot of the arch ; 
and, therefore, the thicknefs ought to be taken a little 
more than what the theorem will give : indeed, in moft 
cafes occurring in pra6lice, the thicknefs mud be between 
the fifth and the fevmth pait of the fpan of the arch. 

The only remaining confideration in the theory, relates to 
the form of the ends of a pier, fo as to afford the lead refidance 
to the force of the dream of water. Now, it may be found 
by a fluxional procefs, that if the water drike every part of 
the pier with equal velocity, the end of the pier (houtd be a 
right-lined triangle, when the force of the water upon it is 
the lead poflible : when the variably increafed velocity, as 
in the cafe of a flood, is ufed, the form of the ends comes 
out a little curved. One third of the abfolute force is taken 
off, bv making the ends of the pier femicircular ; f J would 
be taten off, if the ends were parabolic r but when the 
ends are right angled triangles, with the right angles pointed 
into the dream, the abfolute force of the water upon the 
pier is reduced to one half ; and an acute angle pointed 
to the dream will reduce its force dill more. But in rivers, 
on which heavy craft navigate, and pafs the arch, it is ge- 
nerally better to make the ends nearly femicircular : for, al- 
though it does not divide the water fo well as the triangle, 
yet it will bear the fhock of the veffels better, and, at the 
fame time, be more likely to turn them off towards the mid- 
dle of the arch. 

Bridge, in Gunnen^ the two pieces of timber which go 
between the two tranfums of a gun-carriage, on which the 
bed reds. 

Bridge, in the Military art. Flying hridget pent volant, or 
pous duflarlus, fignifies a bridge conltruftcd of pontoons, 
leather boats, beams, hollow calks, (heaves of rufhes, blown 
bVdddcrs, called afeogephyri, or the like, laid upon a river, 
or marfhy and boggy ground, and covered ov^r witli planks, 
for tbc paffage of a body of troops. 

Flying bridge^ pent volant, taken in a more particular 
fignificaiion, denotes a bridge compofed of feveral boats, 
connefted by a flooring of planks, and furrounded by a bal- 
ludrade or railing. It is fnrnilhtd with one or more malls, 
*to which is fallcntd a drong cable, fupported it proper dif- 
tanccs by boats, and extending to an anchor to which the 
other end is made fad, in the middle of the ymttt. By this 
contrivance, the bridge becomes moveable, like a pendulum, 
from one fide of the river to the other, without other help 
than a rudder. Such bridges were formerly fonaetimes con- 
ftru£lcd of two dories, for the quicker paffage of a great 
number of men, or that both infantry and cavalry might 
pafs at the fame time. The ufe of this kiod of flying 
bridge is, however, attended with great difiicuky and dan- 
gcr, and fubjea to the mod fatal accidents. An unfortu- 
nate indance of this occurred at the evacuation of Nimc- 
u-uen in the campaign of 1794, where, while the Dutch 
uarrifon were occupied in croffuig the nver, an unlucky 
Ihot from the French batteries earned away the top of tlic 
niaft, and the bridge fwinging round to the enemy* a fide of 
the Waal, above 400 of the gairifon were immediately 
made prifoners. Thofc who remained in the tower, to a 
much greater number, bereft of the means of efcape, fur- 
jcndertd to the bcfiegers. 

Another kind of flying, or fioating bridge, is formed of 
two fmall bridges laid over one another in fucli a w>anner, as 
that the uppermod ftrctchcs and runs out by the affillance 
4>f cords drawn through fmall pullics, placed *^loug the 
fidu of the undcrmgft bridge, which is thus puflicd foe- 
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ward, till the farther exti^mity of it refts agaiuft the place 
it is intended to be fixed upon. 

When thefe two bridges are extended to their utmoft 
length, fo that the two middle ends meet, they (hotild not 
be above four or five fathoms long ; for if longer, they will 
break. Their chief ufe is for furprifing out-works, or for- 
tified pods that have but narrow moats. In the memoirs of 
the Royal Academy of Sciences, we find a new contrivance 
of a floating bridge, which l^^'s itfelf on the other fide of 
the river. Vide Hid. Acad. R. Scienc. an. 171J, p. 104. 

Draw^hridge, or pons fuhduHariut, is a bVidge fairened at 
one end with hinges, fo that the other end may be lifted 
up or let down by fomc cafy contrivance. The mod com* 
mon method is by a kind of balance called plyers (which 
fee) ; in which cafe the bridge dands upright, to hinder the 
paffage of a moat, or the like ; the breadth of this bridge 
K ufually about nine or ten feet, and its length about fifteen 
feet. There arc otliers fo conllrudled as to be drawn back> 
for hindering a paffage, and to be thrud over again for 
affording a paffage. Others open in the middle, half turn« 
hig to one fide, and the other half to the other, being joined 
again’ at plcafure ; b'nt thefe arc fubjedt to an obvious in»- 
convcnience, as one half of them remains on the enemy's 
fide. The marquis de L*Hopital has given the condruc- 
tion of a curve, in which a weight will always be a counter- 
balance to a draw-bridge ; which the younger Bcrnouilli hai 
(hewn to be no other than the cycloid. Adi. £rud. Lipf. 
an. 1695. 

Drawbridges arc likewife frequently ufed on canals, navi- 
gable rivers, and wtt-docks ; for fmall canals they confid of 
one leaf or frame only, moveable on hinges 5 but for large 
canals, fuch as the Forth and Clyde canal, in Scotland, and 
for wet-docks, &c. they arc made in two pieces v 4 iich meet 
in the middle, forming an arch, and are raifed or lowered 
by means of balance frames, moveable on the tops of up- 
rights, fuited in height to the magnitude of the bridge. 
Such bridges, however, have been found inconvenient in 
ufe, owing to the obdrudlion they give to the yards and 
rigging of (hips in paffing through them. This gave rife to 
the invention of a different fort of bridge, which, for fmall 
canals, confifis of one frame or leaf only, turning on a centre 
or fcrics of balls or rollers ; and for large canals, or navigable 
rivers, they are formed of two parts, which ipect in the 
middle. The firff that have come to our knowkdge are 
thofe at Cherbourg and Toulon. Neither of them, how- 
ever, are fo complete aa thofe that have lately been con- 
(Irufted at the Well India and London docks ; the latter 
fpans 40 feet, and 15 feet wide in the roadway, and is made 
of thin ribs of cail iron, about an inch and a half thick, turn- 
ing on a number of concentric rollers, moving between two 
circular rings of caff iron, which are very nicely turned, and 
tliere is a flap for each leaf, which lets down by a ferew, and 
abuts againlt the (lone work on each fide, forming the 
whole, when (hut, into an arch, capable of carrying any 
weight which can ever pafs over it. 

The whole, though weighing 85 tons, moves with 
great eafe, and can be opened and (hut in lefs than tlirec 
minutes, thereby occafioning very little obftrudlion to tra-* 
velkrs, while veffels pafs through the locks. 

fridge of communication, is a bridge made over a river, 
to preferve a free intcrcourfc between two armies, or for- 
tified places, feparated by the (Iream. 

The bridge now moft generally employed, and which, by 
reafon of its fuperior efficacy, has gradually almoff fuper- 
feded the ufe of all thofe above-mentioned, is that coii- 
ilrudhed of copper or wooden boats, faftened with (lakes or 
anchors to toe bed of the river, and covered over with 
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planki). Modern armies j^encrally carry with them a num- 
ber of thefe copper boats, or pontoons, that they iray 
always be in readinefs for throwing overbridges. Gtwcril 
oF thefc being joined fide by fide, till they reach acrofa the 
river, and planks laid over them, make all plain for the 
troops to march upon. 

The moll remote ages of antiquity furnifh us with many 
remarkahlc iuftances of brid;.e9 of this kind. One of the 
earlicft upon record, is that laid by Darius Hyllafpca over 
the I Her, or Daonbr, in his S.:ythian expedition, about the 
year before Chrifi 508. Herodotus, 1 . iv. c. 9vS. Darius alfo 
crofled the Thracian BofphoiiH with 700,000 men by means 
of a bridge of boats, the ilrs^it bring five Oadia, or ico8 yards 
in breadth* That of Xerxes in the year 4S0 before Chrill, 
frvcii Greek ftadia. or, as Come cHimatt; them, nearly a mile in 
length, acrofsthe Hclltfpont, is dill more n inaikablc. The 
boat-bridges of Xerxes began at Abydos, and terminated a 
l.ttle b low Seflu.s. This paflage, whtch ia the narroweft part 
of the ftrait, is only abi)Ut t- iffS, or Eoo jards wide. 

But, as the length of the btidgos is faid to have bten feven 
lladia, M. D’Anville (M dc 1* Acad, des Bell. Lettr. t. 28* 
P* 334 *) bas from theiue inferred, that thefe Itadia were 
only 51 toifes, or 108 yards, each. The firft bridge of 
Xerxes having been carried away by the foice of a tempefi, 
he fubllirutcd two others, that towards the Pontus Euxi* 
nus, confining of 360 vcffels of the larged diinenfiona ufed 
in the ancient navies j tlic other of J40. Thcfc were ftcadily 
moored by means of large anchors. Six imnienfc cables, 
faflcned to large piles driven into the oppofite fhorcs, ex- 
tended the whole length of the bridges. Acrofs thefe were 
laid trunks of trees, and upon them a flooring, which was 
covered with earth for the pafTage of the army. The whole 
was feenred by a railing on each fide. This contrivance is the 
model of moH of the bridges of boats which have fince 
been conftruded, with this difference, that the vciTcls of 
Xerxes were arranged Hem and Hern upon the water, a plan 
cxa£iiy contrary to the prefen t method. That the Perfians 
were in the habit of conftru6^ing bridges of this kind, appears 
from thcfc examples, and from another recorded by Xeno- 
phon, who mentions that of Sitace over the Tigris, com- 
pofed of 27 boats. The Greeks and Romans were very 
expert in this part of the military feience. Several bridges 
of boats are mentioned by Appi^in, in his account of the 
fociat war. That of Cicfar over the Rhine is familiar to the 
readers of ancient hiHory; and in all his campaigns, we 
obferve particular attention on the part of that celebrated 
commander with regard to the p-^fTage of rivers, or preferv- 
ing communications by means of bridges, the conteil 
between tltc armies of Ocho and Viteliius about Cremona, 
a bridge of this kind is no:ictd by Tacitus. That of Tra- 
jan over the Danube has been already mentioned. Where 
boats wKft wanting, tlie ingenuity and cruelly of the an- 
cients found other expedients for overcoming the obHacies 
prefeuteo by the rivers to their progrtfs. Hamilcar Barcas, 
ID bis war again H the merceuancs, crofled the Macar by 
nseans of the loUowiug Hratagem. He obfirved that when 
the weH'Uorth-weil wind prevailed, the fard it agitated almoH 
choak':d up the mouth of the river,, and formed a kind of 
natural bridge for the paiTage of bis troops. He availed 
himfeif of thif difeovery to» pafs the Macar in the night, 
and obtain by fiirprife an tafy viftory, 8apor the Perlian, 
by^ a refinement io cruelty, made ule of the bodies of his 

E rifoners to facilitate the j^age of his army* (Vid* Herod. 

b. IV. cap, 97, 1 01.*— Ibid. lib. vii. cap. — 36. — Xeno- 
phon Anab. li^ ti Appian, de Bel. Civ. — Csefar de Bel. 
Gall, lib* tv. — ^IVitus, hift. lib. ii.— 'Dion CafliuSi bift.— 
Polybiusi lib. i.~Trel^U. PoU. in Valerian.) 


Of late years the layini^ of bridges acrofs rivers has been 
greatly improved and facilitated . In the campaigns of 1 799 
and tSoo in particular, this branch of the military fcicnce 
attained that pinna'^de of excellence which it wilt be difficult 
to furpafs. Few objcAs prefent more varied details than 
the crofling a river by open force, and in prefence of an 
enemy. In operations of this kind, localities and other phy- 
fical circumHanccs difltr fo infinitely, and give rife to fuch 
numerous combinations of advantages or di fad va!itagr*8, that 
it is impofiibic to lay down any giv.tn precepts which may 
be very applicable in all cafes. What may be very proper 
and feafiblc upon one river, or at a certain feafon of the year, 
may be imprafticablc clft v, lu re, or in any other period. 
Somctiiiirs the neceflaries for the cxpoHtiop mult he tranf- 
ported by water; at others, by laud. Rivers which have 
marfhy banks, a fniooih bed, an even current, and a muddy 
bottom, require totally different precautions from thofe with 
a rapid formidable current, which arc overhung with 
thick wood:, or have ii rocky bottom. The bifl commen- 
tary upon thefe feveral cafes, will be a detailed account of 
tht: operai’ou'i ad'.pted in them. 

The paffa^rs of the Rhine by the French troop« at Ur- 
dingi-n, Neuwied, Kchl, and Dier/hcim ; at -Reicnlingcn, 
Atzmoor, and LuciHieg in Swiffeilcnd; thofe ot the l.im- 
mat, the Danube, the Lccb, ihr Ir.n, and finally of the 
Mincio, will evince the progrefs Litcly made in the conHriic- 
tion of bridges of pontoons. Two of thcTc have been 
treated with great preoitlon by an engineer iv. the French 
fervice, whofe work well def^Tves the attention of inihtary 
men in gen'^ral, (Dedon, reUtion dcs pafTages, dc la Lira- 
matet du llhin* Par. 1801, 8vo.) 

Under this article of bridges we may alfo mention porinlh 
bridges^ tafily taken afunder, and put together again* M. 
Couplet mentions one of this kind, 200 feet lon^, and 
which 40 men may cany. See Du Hamel. HiH. Roy. 
Acad. Scienc. 1 . iii. ^ 5. c. 4. 

Pendant t or hanging bridges^ called alfo philofophical bridges^ 
arc thofe which arc not fupporlcd by polls or pillars, but 
hang at large in the air, being fuflained only at the two 
ends or butments. Of fuch bridges, conliHing of a Tingle 
large arch, inftanccs have been already mentioned. Biidgca 
of this kind arc ufed by the Spaniards for pafling the tor- 
rents in Peru, over whicli it would bcdiflicult to throw more 
folid Hrudurcs either of Hone or limber. Some of llitfs 
hanging bridges arc formed fo llrong and broad, tViat loaded 
mulrs pals along them* Ulloa. tom. i. 3 58. Dr. Wallis 
gives the defign of a timber bridge, 70 T et Jong, without 
any pillars, which may be ufeful in p'acts where pillars can- 
not be eor.vcniently eredtd. Plril. Trauf. N® 163, p. 714. 
Dr. Plott inlorir.ii an, that ihcie was foim- rly a laige bridge 
over the caftle-ditch at Tuibuiy in Stanurdfliho, made of 
pieces of timber, none ranch above a ^aul long, and yet wot 
iupported underneath, cither with pillars or &rch-woik| or 
any other fort of prop whatever. 

It has been already mentioned, that the ancient Romans 
paid particular attention to the conftru£iiori and reparation 
of bridges; and that in the middle ages the buiidmg of 
bridges was reckoned among the a£is of religion. By our 
ancient laws, ponlium reparatlo, or the reparation of bridges^ 
was part of the trinoda necejitas% to ivhicli every maii*s iftatc 
was fubjcA* However, by the great charter, 9 Hen. HI* 
c« 1,5* no town, nor freemsn fliall be diHratned to make 
bridges nor banksy but fuch as of oid time, and of right, have 
been accuftomed. And none can be compelled to make 
new bridges, where none were ever before, other wife than by 
ad of pariiament. 2 Infl. 701. By the common law, feme 
perfens art bound to repair bridges by reafon of the tenure 



BRIDGE 

of their lands or tenements; and feme by reafon of prefcrlp. 
tion only. 2 Inft. yoo. But if a man make a bridge for 
the common pood of all the fubjefts, he ia not bound to 
repair it; and if none arc obliged by tenure or prefeription 
at common law, then the whole county or franchife ihall 
repair it. 2 Inft.' 701. By 22 H. VlII.c. 5. it h cnaavd, 
that, as in many places it cannot be known and proved, 
what hundred, town, parifh, ptrfon, or body politic, ciight 
to repair bridges broken iu the hichways, in every fuch cafe, 
the faid bridges, if they be without a city or town corporate, 
fhall be made by the inhabitants of the county 3 if within a 
city or town corporate, then l)y the inhabitanta ot fu; h city 
or town corporate ; if part be in one fliire, city, or town 
corporate, and part jn anotlicr, or pan within the linuts of 
a city or town corporate, and part without, the inhabitants 
of the fliire, cities, or towns corporate, fliall repair Inch part 
as lies within thtir limits. Tlie decays of bvi.hrcs are *pre- 
fcntablc in the leet, or torn. 2 Inft. 70 r. By the above aft, 
the jufticcs, or four of them at the leaft, fliall have power to 
inquire, hear, and determine in the general feflions, of all 
manner of annoyances of bridi^es broken in the hi^thways, 
to the damage of tiif king’s liege people, and to mske fuch 
procefs and ppins upon every preftntment againft Inch as 
ought to be charged to make or amend them, as t:.ekii‘g’8 
bench ufiially doth, or as it flirdl fetm by their difcretionj to 
be neceflary and c uvenient for the fpeedy aniendmfnt of 
fuch bridges. Such part of the highways as lies next ad- 
joining to any ends of any bridges within the fpace of 
feet, (lull bf n adc and repaired as often as nectfkiry ; and 
the jufticcs fliall inquire into, and determine anne^anres in 
fuch highways. By 12 Geo. II, c, 29. no money fhall be 
applied to ther'*pair of hridges, until preltnimml be minle 
by the grand jury at the aflizes or Itfiions, of their infufli- 
cicncy, inconvenicncy, or want of rtparation. Again, by 
1 Ann. ft. r. c, 1?. no fine, ifPie, penalty, rr forlctme. 
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upon any prefentmentorindiftmentfor not repairing liii IgfS, 
or the highways at the ends of them, fliall be returned into 
the exchequer, but fliall be paid to the treafurtr, to heap* 
plitd towards the faid repairs, and not othcrwifc; and no 
refentment or indiftment for not repairing biitlges, or 
ighwaysat the ends of biidgea, (hall be removrd by “cer- 
tiorari” out of the county into another c^url, Tnc charges 
of repairing and amending bridges, and highw'jya at the 
endfi of them, fliall be naid out of the general comity rate. 
12 Geo. 11 . c. 29. The four julliccb iu IVflion m.iy ap- 
point two furvt’vors, with falanes, to fee the bridges 
amended. 22 H. VJII, c. 5. 'This bufinffs of furveylug 
bridges is ulually annrxtd by the juftices to the of the 
high conftablcB, with the allowance of iaIaruN, '^l be flat. 
14 Geo. II. c. ,53. gives juliicca the power of changing the 
fituatioii of bridges, as it enables them to purclu.fe «and8 
adjoining any c» unty bridge, fur the more co.rmcdious cn- 
larging, and convenient rebuilding the lame. By 12 Geo. II. 
c. 29. juftices, at their geneial or quaiter blTnns, after 
prefentment made by the grand jury ot brulgte vvivnting 
rcparatio'i, may contraft for rebuilding and impairing the 
fame, for any term not excecdiiifr ftvtii vtars, '..t a ceVtam 
.innual fum. They fliall give public m tice of their iiiieu* 
tion to contrpft, make contiafts at llie moll vtafonablc 

f irict'h’, and take f:curity of the contraftors for due per* 
brmance. 

If a man has toll for men orc?tt!e priflingovrr a bridge, 
he !•» to repair it. Aiul toll may be paid in ihefc cafes by 
prefeription or ftatutc. 

By many fpccial ftatutts, cnafted upon the occafion, it 
is made felony to deftroy bridges, ficc. erefted by viitueof 
thefc afts of pailiament. 

arc officers of the city of LondoO) chofen 
by the citizens, who have certain fees and profits lielonging 
to their oflice, and the care of London bridge, &c. 
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BRISTOL, in Gii^aphj, Thu feeond city of Englind 
» fituated on the fouthern estremity of Gloucelierihire, and 
the Dorthern of Sooierfetihire, and once formed part of both 
coontin. It it feated principally on a pcnialula, between the 
riven Frome and Avon, and iiei in 51'’ 30' N. lit. a** 4 ,(f 
W. tong, and is in a bearing weft 117 muca from London, 
and 11 from Bath. Various conjeAurei have been formed 
relative to iu ancient and prefent name. Barret, in his large 


bifto7 of this city, fays it received the apMllation of Cier> 
Oder at an early period ; but is at a lofs for the origin of 
Oder. Caer«Brito, its original defigaatioD, waa evidently the 
generic name it obtained while a proteAed city of the Bri. 
torn, under the Roman forces, which were flationed at 
Abone in its immediate vicinity. From thk it waa changed 
to Brigbtftow, or Brightieftow, perhaps a trinJktion of 
Caer.Britoi or it might have taken that name front 
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Briglitick, fon of Algar, and grcat.grandfon of Alfred, 
who was hereditary lord of the place. Its prefeiit name. 
Briftol. appears to have been derived from feme early Latin 
writers, changing it, by way of euphony, into Briilolina, 
while that of its common pronunciation, Brillow, is evidently 
an abridged mode of pronouncing, Drightftow. It is a tra- 
dition, from an account which William of Worcefter 
gives out of a MS. he faw in the houfe of the Calenderies* 
that Briftow was founded, or rebuilt by Brennus, fon of 
Malmutiiis Diinwallo, who reigned a king of the Britons 
j8o years antecedent to the Chriftian asra. In allufion to 
which two iUtucs are placed over St. John’s gate, in this 
city, emblematic of Brennus and Beliiuis, who are faid to 
have reigned conjointly after the deceafe of their father. It 
is probable that a lituation fo eligible mu ft have ft ruck the 
♦*arljr Britons, yvdio therefore made it a place of aftbeiated 
habitation, prewuus to the Roman invafion ; however, it is 
evident that it was a place of importance during that period, 
for Cildas, as eaily as A. D. 430, reckons this among 
the fortified and eminent cities of Britain, under the name 
of Caer-Brito. Nennius alfo, A.D. 620, mentions it in his 
cp.uincration of 2S. cities of Britain, On the dercli^lion of 
the idand by the Romans, the Saxons overran the country 
and took pofTeffion of Briftol. Leland fays, it was by them 
confiderably increafed ; and alfo remarks, that St. Jordanus, 
a difciple of St. Atiguftine, feat by pope Gregory to con- 
vert the Saxons to Chriftianity, preached the gofpel at 
Briftol, where lie died and was buried. Thus vve ftnd it a 
lace of note at the end of the 6th century. In Domefday 
00k, ftnlAicd by command of the conqueror in 1086, the 
inhabitants arc ftyied burgeifes. It was then exceeded in 
rate by no city, except London, York, and Winchetter. 

JEarly and prfjent extent. The city, as firft laid out at the 
conflux of the trome and Avon, was, except oii the northern 
part, where afterwards thecaftle was erecled,infulated by thefe 
rivers. The ground refe each way to the centre, forming a 
pJeafat*! hill. It was divided into four tranfvciCc ftreets, and 
walled rouiidafterthc courfc of the river for its better defence. 
At the end of each ftrcct were a fortified gate and a church, 
and four churches furrounded the crofs atlhcctntrcof theclty. 
Ta this ftate Briftol could not exceed 21 mile and a half in 
circumference. The conflux of people drawn hithcir by its 
glowing trade foon extended it beyond the walli, both oti 
the Gioucefterlhire and Rcdclfife fide of the Avon. Other 
vvaHs and gates therefore would become neceffary, and it waa 
thus further defended, before the wooden brid^^ was built 
acrofs the Avon. Leland mentions others, which he terms 

ElUrnavcl fecunda mcenia urbis.V Indeed, the large and 
ftrong caftlc, with its outworks, when completed, as it Joined 
ciofely to the old town and the buildings on the fouthern 
fide of the river, inclofcd alfo by a ftrong wall, were great 
additions to the city, and thus made its circumference at 
leaft two miles and a half. Tlie acceflion of the monailery 
of St, Auguftine, with Gaunt’s church and hofpital to the 
weft, the priory of St. James to the north-well, and tlie pur- 
chafe of the caftle precinds, and laying it out in ftreets, 
added very coniideraoly to the extent of Briftol, towards the 
clofe of the 17th century. Since that period moft of the 
buildings have been ere&cd, both in the city and fuburbs, 
which bear a modern appearance, and thefe have been nume- 
rous ; fo that it may be truly faid, that Briftol has increafed, 
within the laft 40 years, full a fourth. This city oucc formed 
part of the Saxon kingdoms of Weffex and Mercia < and 
after the whole of England was fubjedled to one monarch, 
and divided into counties or (hires, conllituted part of the 
counties of Gloucefter and Somerfet, though it was generally 
confidered as belonging to the latter county. It was by royal 
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charter, temp, Edw, III. made a county of itfclf; ard hf 
other difttrent charters, its boundaries have been fxterded 
from time to time, till they now form a line on the Glou- 
cefterflure fide, of 4^ miles and 37 perches, and on the bo- 
mcrfetftiirc fide 2^ miles and 18 perches; the whole city is 
therefore 7 miles and ‘I ^ ptrclics in circumference, and, taking 
in the fuburbs from I^awrencc-hill in the call to the Hot- 
wells in the well, is more than 3 miles in length. Its breadthr 
from Stokes Croft tairnpike on the north, to Afliton turn- 
pike on the fouth^’is upwards of 2^ miles. 7 ’he number of 
houfesand inhabitants it is difficult to afeertain. In the late 
fnrvey by order of government, the return from Briftol mull 
have been vcr>' inaccurate, and is dated at 10,896 houfes. 
and 63,643 inhabitants. Andei fou,in 1738, puts the latter 
down at ico.oco, but gives no documents for this enumera- 
tion. The houfes may be dated on an average clliir.ate at 
17,000; and if the environs of Teinplc-ftrect, Lewin’s mead. 
College-place, Limc-kiln-lane, 5 cc. be attended to, the rate 
of 7 to a houfe will not appear too high. This calculation, 
including thofe in hofpitals, aims houfes, 8(c. will bring it 
to about i i8,oco perfons, which w'ill not fai exceed the truth. 

Public Diiildin^s^ &c. The buildings in the old part of the 
city are aw kward, and the various alterations that liavc taken 
place at different periods have Jctlroyed all uniformity. ^I’hc 
city ftands on very uneven ground, and very high walls are 
railed round of the houfts; but the enormous height tts- 
which they are often built, appears highly unreafonable, cfpe- 
cially when it is confideied that an cnclofing wall has been 
known to cod the value of the houfe itfclf. This fafliion is de- 
clining, and Briftol can now boaft forne good and handfome 
houfes, in the open ftreets, fquaies, 5 cc. Among the principal 
buildings aj*c the Cathedral, Rcdclifle Church, the Exchange. 
Infirmary, Public Library, Theatre, Aflcmbly-rooms, &c. 

Cathedral is only part of the original building, which 
was the church belonging to the abbey of St. Auguftine. 
founded by Robert Fiizharding, younger fon of the king of 
Denmark, whofe monument is Hill prefervtd within it. 
At the dilToliition of tlie monaftery, this noble building, then 
330 feet in length, was partly dcmuhfticd ; but when the 
king determined to cre6l fix new hiftioprics, of which Briftol 
was one, and was informed thrre was tnough of the fabric 
left for a cathedral, he put a Hop to its further demolition ; 
the wtlltrn part being removed, it was l.ft in that mutilated 
ftate in w'hich it ixinainji ; the prefent fabric confifts of the 
tranfept, the caftern part of the nave, and theclioir. At the 
well end is a large fquare towtr, highly ornamented and 
crowned with battlements and four pinnacles. The ptefent 
church, from call to weft, is 1 75 feet ; its breadth of tranfept,. 
from north to fouth, 128 feet; the breadth of nave and 
aifles 73 feet, and height of the tower 140 feet. The efta. 
blinnnent is a dean, lix prebendaries, four minor canons, 
facrift, 5cc. ; and fervicc is performed twice every day. 

'i'lie Church of St. Mary Redcljffe, fays Camden, “ is like 
a cathedral, and on all accouuis the firll parilh church in 
England.” It was founded in 1292 by Simon dc Bui ton. 
wh^ was fix times mayor of Briftol. According to the 
mayor’s calendar, this church was fmifhed A. D. 1576, and 
was then celebrated for its architedlure all over England. 
The tovk’cr and fpire were 250 feet high ; but in 1445 a ter- 
rible ttorm of thunder and lightning deilroycd part of the 
fpire, and tlvc church was much damaged. The latter was 
repaired by the munificence of Mr. William Cannyngs, mcr- 
cltant, hut the fpire was ne'^cr rebuilt. The church ftanda 
on an eminence, called Rcdcli (I e-hill, and is built in the form 
of a crpfs. The nave rifes above the aifles, is lighted by a 
feries of lofty windows on each fide, and is fupported by 
flying butueffes. The lower is large, and with the remain- 
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ing part of the fpirc# richly ornamented with carved work, 
and alfo a variety of niches and ftatues. Though a lofty 
and malTy building, yet, from the peculiar beauty of its ma- 
fonry, it has a light and airy appearance both without and 
within. I’lic roof, nearly 60 fort in height, is arched wdth 
flone, and ornamented with various devices. The church, in- 
cluding our lady's chapel, is in length 239 feet, and the tran- 
fept, from north to fouth, 117 feet. The breadth of the nave 
and aifles-is 59 feet, and at the crofs, nave and aides, 1 14 feet. 
The height of the aides both direct and tranfepts is 25 feet. 
The height of the nave is 54 feet. St. Mary's chapel has 
been feparated from the church, and is ufed as a grammar- 
fchool. A peculiarity obfervahlc in Rcdcliffc-church is 
that the tranfept conlifts of three divifions, or aides, fimilar to 
the body of the church, which has a fine eff'ed when the 
Ipcdlator places huni’elf in the centre of the building, and 
looks around liim. Bciides the above, there arc 15 other 
parilh churches in Bnllol, fome of w-hich nro modern ftruc- 
tures. Temple chinch is rather curious, and its tower is out 
of the perpendicular, “^rhere arc alfo 22 chapels, or places 
of w’orfliip for diflVntcrs of difi’ereiit denominations, and 5 
chapels of the efiablidicd religion. 

The Exchan^e^ finiflied and opened in 174% w^as built by 
Wood, the architedl of Bath, at an expence of 50,000!. 
It is a handfomc building, in the Grecian ftyle, no feet in 
front, and 148 feet in depth, llic principal front is upon a 
bold rufticattd bafement, the ctiitral part of which makes a 
tetraftyle of almoft whole columns, with Corinthian capitals, 
fiippoitlng a pediment, in the tympan of which arc the arms 
of England carved in done. The place intended for the 
merchants is a perillylc of the Corinthian order, 90 feet by 
8o, and capable of containing 1440 perfons. 

The Genera! HofpUal^ for the reception of all cafes, and all 
perfons of whatever nation, is a handfomc edifice, though 
It has unfortunately never been yet completed. 

The Theatre-royal^ King-ftreet, is a peculiarly neat and 
convenient dru£lure : indeed, Mr. GarricK pronounced it to 
be the completed in Europe of its dimenfions ; and he wrote 
a prologue and epilogue, which were delivered at the open- 
ing, May 30th, 1766. 

The Brijlol City Library^ is fo called, bccaufe part of its 
colle<^ion belongs to the corporation, and tlie greattd part 
to a fociety of gentlemen. It contains an excellent aflem- 
Llage of ancient and modern books, which, by donations and 
annual fubferiptions, are rapidly incrcafing. They arc con- 
tained in a large freeftone building creded for the purpofe, 
w'iih a convenient houfe for the liead librarian, who has alfo 
an aifidant librarian. 

The JlJfemhly‘room^ in Prince’s-dreet, has a beautiful front 
of free-done, confiding of a rudic bafement, with a central 
projedion fupporting four Corinthian columns, coupled and 
crowned with an open pediment. On the frieze, in relievo, 
is the following motto : ** Curas cithara tollit," Mulic dif- 
pcls care. 

To thefe may be added, the Guildhall^ where the aflizes, 
fclTions, and other public bufinefs are tranfaded. 

Government^ civil Officers^ &c. — The original govern- 
ment of Bridol feems to have been mixed, military and civil ; 
the chief authority refiding in the lord condable of the 
cadle, who deputed another officer for the execution of 
liidicCf called ** prepofitus villae," or provoft of the town. 
Ulie earlied account of this officer occurs in Domefday- 
book. In the reign of king John, Bridol' obtained a 
charter to be gofcmed, like London, hj a mayor, &c. 
From the Annidi, it appears, that the avil government, 
at difficitnt periods, has ^en varioufly raodellco, as appears 
from the following lift : 
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1. Till A. D. 1205. A prepofitor under the cudos of the 

2. 1266. A mayor and two prepofitors. 

3. ijij. A mayor and two fenefehaU. 

4. 1372. A mayor and two bailiffs. 

5. 1500. A mayor, (heriff, and two bailiffs. 

6. To this day. A mayor and two flieriffs chofen an- 

nually. 

The government of the city is now adminidered by a mayor, 
a recorder, twelve aldermen, who are all judices of the 
peace, two flieriffs, an undcr-flicriff, twenty-eight common- 
councihmen, town-clerk, deputy town-clerk, chamberlain, 
vice-chamberlaiu, deward of the flieriffs' court, clerk of the 
arraigns, regidrar of the court of confcicnce, and alfo a high 
deward. 1 here arc other officers pertaining to the corpora- 
tion, as fword-bearers, two coroners, water-bailiff, quay-maf- 
ters, fchool-mailers, clerk of the markets, keepers of the pri- 
fons, infpcdf ors of nuifances, eight ferjeants at mace, criers of 
the court, common-crier, exchange-keeper, fheriffs' officers, 
club-mcn, city marflial, and a band of tnuficians in conflant 
pay. Great form is obferved on the 15th of September, 
in the cle6^ion of mayor, when the whole body corporate is 
convened. He is allowed i cool, for the year of his mayoralty, 
and tlie flieriffs 5ool.each for the year of their flirievalty. The 
mayor lias the highed marks of lionour granted to magi- 
dracy, fcarlet ermine gowns, fword, niacc, cap of main- 
tenance, &c. He holds a daily fcffions in the council- 
houfe to hear complaints, and accommodate differences, courts 
of confcicnce, and pie-powder, quarterly frffions, and a ge- 
neral jail delivery twice a year : one for the decifion of civile 
and the other of criminal caiifes, wherein the court has the 
power of life and death. The mayor, aldermen, and com- 
mon council have the cudody of the city feal, which is im- 

f ireffed with the city arms. Thefe arc gules, a cadle on a 
lill by the fea-fide, and the helm of a fliip paffing by, all 
proper ; to whicli were afterwards added two unicorns as. 
lupporters. The motto is, “ Virtute et Indudria." 

From the time Bridol w^as made a county of itfelf, 
it has, by various charters, and grants, been endowed 
with additional privileges and immunities, ail of which 
were confirmed by a new charter from queen Anne. 
By another of king Edward IV. 1461, Bridol was ex- 
empted from the aiuliority of the high admiral of Eng- 
land by land and water ; and the right of determining 
differences, belonging to the court of admiralty, was re- 
ferred to the mayor and coi’poration. The jurifdic- 
tion by water extended up the river only to lower 
Harrate, till an a6t ^f William carried it to Hanham ; 
thence it reaches to Kingroad and down the channel to the 
Flat-holmes. To this place, Gildas, the ancient Britilh 
faint and hidorian, retired, and here he died. The opulent 
corporation of Bridol is poirefled of large cftatci?, bnth in 
the city and in the country ; and they are the patrons of 
fcveral church livings, fo that they not only poffcfii 
great influence, but have it in their power to encourage 
genius, and reward indudry and merit. The city is divided 
into twelve wards, each 01 which has an alderman to pre- 
fidc over it. The recorder is always one of the aldermen, 
and, by virtue of his office, the principal. The fenior 
alderman, as in London, is called the father of the city. 
Every ward has one chief condable, and twelve others, a 
night condable, and a proper number of watchmen under him. 

Bridol contains three prifons : Newgate, at the end of 
Winc-ftreet, which is a gaol for makladors and debtors ; 
Bridewell, or the city prifon, for the confinement and cor- 
region of kfs offenders; and at the end of Gloucefter-dreet 
if a prifoni cm Howard's plan, for that part of the fuburbs 
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which ftandi in the county of Gloucefter, and a Bridewell 
on the Somerfet fide. The ad for li|rhtiDg Briftol with 
lamps was procured in the reign of William III. This 
obliged the citizens to hang out their own lamps ; but they 
are now providedi and the lighting contradtd for, by the 
difFercnt pirifhes. Moft of the (Ireets are well paved on the 
fides with flag ftones ; but the pitching with pebbles in the 
carriage-way is at prefent extremely uneven and bad, and 
*^Quirc8 antendment. The poor rates arc feparately afi 
fefud, and colltdcd on the refpedive parifhes ; but the poor 
arc uken care of conjointly, and have a houfc called St. 
Petcr^s hotpitul. There are fourteen ftands of hackney 
coaches in various parts of the city, and one at Dowry 
iquare. Each coach is numbered, and marked C. B. There 
has lately been infittuted at Briitol a fociety*for the fup- 
preflion of vice. 

Brifiol appears to have been a lorough at the Conqueft, 
and at a very early period, by ancient prefeription, fent 
two burgefles to parliament. A lill of its reprefentativet 
is dill extant from the 2.3d of Edward I. 1295. None 
can vote for members but fuch as arc free of the city, which 
freedom is attained by fervitude, by hereditary right, by 
marrying a freeman’s daughter, or by ptirchafe. The 
number of fieemen, at prcTent, is about 8000. The city 
gives title to an earl, and the earldom was formerly in the 
noble family of Digby, but is now in that of Hervey. 

Commerce^ Traete, Shippings &c.— That a port lo fitu- 
ated as Bndol fhould have early participated in the com 
merce of the country, can be no matter of furprize. Wil- 
liam of Malmfbury, in 1139, fays, it was a place much ad 
dided CO trade, and was then full of (hips from Ireland, 
hlorway, and every part of Europe, which broujzht hither 
much commerce, and great foreign wealth. From the 
charter of king John fomething may be learnt of the com- 
merce of the place in his reign, but more will be furnifked 
ky that of Edward III. Bnitol was grown fo opulent in 
3.327, that the mayor and commonalty lent the king 
(Richard II.) 500 marks, which is the /irfilnfiance (ex- 
cept London) in the Foedcra of a lay community lending 
money to the crown ; and, in future loans, w'V Briilol 
follow London. In 1487, a petition was pfscrented to 
the king, to empower the citizens of Brill ol to remove all 
obUrudions in the river Avon that impeded its navigation 
between Briitol and Bath ; for before the time of Ri- 
chard 1 , the Avon was navigable to Bith. la 171 1, an 
ad'of parliament was obtained, at an txpence of 15,000!. 
to amend this navigation by placing wears, locks, and 
other obftrudions. In the roll of the fleet of Edward III. 
which was at the fiegeof Calais, in 1347, we And the pro- 

S ortion of fliips and men furuifhed, on that occafion, by 
4ondon and Briftol: the former (applied 25 (hipf, and 
^2 men, and the latter quota was 22 fliips, and 608 men. 
William Cannyngs is diftinguifhed as a great merchant 
here in X449, and he appears to have trsded with peculiar 
privileges, to Pruflia, the Hanfeatic towns, and Denmark. 
William of Worcefter fays, that Cannyngs employed for eight 
years, in his own (hipping concerns, 800 men, and he fpc- 
ciiies the (hips and tonnage employed by him. The fame 
Cannyngs paid king Edward IV. 4000 marks for his peace, 
i e. for leave to trade to prohibited places, aud to be free 
of impofts and duty- 

The commercial charaaer of the Briftol merchants will 
beft appear from tlu Utters patent which were granted to 
John Uabot, a Genoefe by birth, but a refident merchant in 
this city, and to his three font, who fitted out veffels for 
the purpofe of difeovery. In 1 527, Robert Thorn obtained 
lea yy to gojon a ^ojsgc of difcorcryi to find out a oonh*wcit 


palTage. In 1583, fir Miimphrey Gilbert performed a voyage 
for the colonization of America, an account of which is given 
in Hackluyr. Many other voyages were afterwards made 
from Briftol, with the like public-fpirited views, though not 
with equal fuccefs. The merchants had, previous to 1 526, 
trad^ to St. Lucar in Spain, and thence to the Canaries, 
fending out cloth, foap, &c. and bringing in return fugar, 
drugs, dye-ftuff, and Dc Wit, in his inttreft of Holland, 
fays, this city very early engaged in the cod*fifliery on the 
coaft of Newfoundland, and aifo entered into the Weft 
India trade foon after the difeoveries were made. In 
the merchants were incorporated into the fociety 
called Merchant Venturers : and various grants, immunities, 
and franchifes, were annexed to their fociety. Sebaftian Ca- 
bot was conftituted the firft governor. In 1588, four 
(hips were fitted out from Briflol to join the Quiccn’s ilcfct 
at Plymouth. With regard to the prefen t (late of trade, it 
is very confidcrable to Florida, Carolina, Virginia, New 
York, Newfoundland, Quebec, Spain, Portugal, Well 
Indies, Denmark, Sweden, Ruflia, Prullia, &c. The ar- 
dour for the African trade feems much to be abated ; and the 
Briftolians now yield the palm of traffic in human beings lO' 
the rival port of Liverpool. The merchants in Briftol trade 
with a more entire independence on London than any 
other port in Britain. Whatever exportations they make 
to any part of the world, they can import the full returns,, 
and find a market, without configning their (hips or cargoes 
to London. They have buyers at home for their largeft 
importations, confequently the (hopkeepers of Briftol, moft 
of whom are wholefale dealers, keep up a great inland trade, 
having riders and carriers, like the London merchants. 

The quay of Briiol, which was commenced where the 
bed of the Fro me yras altered, reaches round from the done 
bridge op the Frome, to the new bandfosne bridge over the’ 
Avon j in extent one mile, being one uninterrupted wharf 
of hewn. Hone, with ftifhcient depth of water, at flood tides, 
for the largeft (hips to ride dofe to the walls, and difcharge 
their cargoes. Tbefc, as the tide ebbs, ride fafe at their 
moorings on a foft oozy bed of mud ; but foreign and (harp 
keeled (hips are often drained, and obliged to go into 
dock after lying here. This occafioneda new floating-dock 
to be made, at the cx pence of 20,000 1 . It is fituated near 
the Hot-weli-road ; its gates will admit a 64 gun vefiel, and 
it will contain 40 fad of (hipping. Here alfo are dry and wet 
docks, for repairing and building (hips. A fcheme has long 
been in contemplation to dam up the water, and keep the> 
veffels in the harbour conftantly afljau In 1803, an ad of 
Parliament was obtained for the purpofe, a plan was adopted, 
and this great work is now executing with all poffible expe- 
dition. When completed, the port will be capable of hold- 
ing looo fail of (hipping, which convenience muft, eventu- 
ally, be of great advantage to the city. The plan is to* 
dam up to a certain height the whole of the preient bed of 
the Avon and Frome, and to make a new channel for the 
river through Rcdclifte meads. Three hundred tboufand 
pounds are already fubferibed, and three years given to ac- 
complifli the dtfign. From what has already been done, it is 
conjedured that the expenditure will not exceed the eftimate t 
and if workmen can be obtained, it is prefumed that it* 
will be fiuilhed within the afiBgncd period. By this plan, 
(hips will not only be kept afloat at the quays, but may enter 
the locks, and go to fca at neap tides, which will be a won- 
derful faving iit time and expence ; and a navigation will be 
opened up me Avon, as high as the town of Kcynftiam, tu 
one level : the money to be raifed by duties and taxes, bear< 
ing an uitereft of 4 per cent, and not exceeding B per cent 
Tile ioureft U to be raifed by a tax oa houfet in tbc city, of 
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one (hilling per pound rent, and a port-duty on all goods 
and merchandize imported. The tax on houfes is con- 
fidcrcd too partial to be juft ; and the duties on articles im- 
ported may probably ac\ as a confidcrable prohibition on fo- 
reign vcfTcls frequenting the port. Time alone, however, 
mull difcover the policy or impolicy of thus raifing the fum 
iieccffary for its accomplifliment. The trade of this port 
has been ever ftuduating from the time of Henry II. 
II ;7» (when William of Malmfbury makes fuch honourable 
mention of it) to the prefent time. Every vcflel of above 6 o 
tons burthen pays a certain wharfage ; and from the water- 
bailiffs’ returns, it appears that, in 1745, it amounted to 
9 1 SI. iHs. 7W ; in 177^, to upwards of 2000I. In 1742, 
ilie privateers fitted out from Brillol, rxcording to Barret, 
exceeded in tonnage, number of guns and men, the whole 
royal navy of Grt'.it Britain. In 1769, there were entered 
inward at the Cuftom^houfe 427 foreign (hips, cxclufive of 
l^ondoners, Coafters, &c. 

In 17S7 the entry at the cuftom houfe was as follows : 

Ships Tuns. Ships. Tons. 

Entered inuards — Brit. 416 48,12*; Foreign, 69 if, 112 
Euteredoutwards— Brit. 382 46,729 Foreign, 66 10,445 

The following is a lift of (liips and veffcls belonging to 
this port in 1787 : 

Fukmj ‘kuic. 1' Cualleis. Kilhing VelTds Ui 

ihipi I Ton* j Men. l|s liia.l - -- Me*. »hlp*. Iona- I M«,n. 

3o \ 3^7^ H 2 7 I 34^ I 30 

After this period the trade increafed confidcrably | and 
another computation Hates, tliat in 1788, 34 (hips were 
employed to Jamaica, ;;8 to the Leeward illands, 37 to 
Africa, 3.3 to Newfoundland, 50 to North America, and 
aoo between Biillol, Ireland, France, Spain, London, 
&c. amounting to 1392 ; befidrs toj trows from 50 to ijo 
tons burthen, employed in the Severn and Wye trade. 
But the commerce of Briilol received a fevere check during 
the liift war ; and the prel'cut pai alizes the fpirit of adventure, 
and the hand of induftry. Should peace quickly return, 
and the p'-rt be (iniihed, there can be little doubt but this 
place will become more floarifhing than ever. 

Belides the foreign trade, Briilol has many very confidera- 
blc mainifa^liires ; and thechcapnefs of fuel, with the ready 
conveyance to a market, renders this an advantageous 
place for carrying on various trades. The brafs rollcry 
bufiuefs was begun here about 1704. The manufa£lory of 
zinc out of calamine ftone, and ti^e ore of zinc called black 
Jack, was ellabliflied at Briftol in i743» for which Mr, 
Champion obtained a patent. Mr. Emerfon at Hanham 
eftablifhed works for making brafs, by expofing copper to 
the fumes of calamine, and obtained the fineft brafs in the 
world. Vide Watfon^s Chemiftry. 

The glafs houfes of Briftol arc not only numerous, but 
great quantities of different glafs articles, and bottles, arc 
annually made here. This trade is increafing, and it is faid 
that more glafs is manufadlured at Briftol than at any other 
place in England. Many large iron foundcrics are alfo 
eftabliihed here, and a fteam-engine fa£lory is erected for 
boring cannon ; fmelting lead, and making of white and red 
lead, are among the manufactories of this city. 

There arc 20 fugar-hoiifcs for the refining and mann- 
fafture of fugars ; Tcvcral large diftillenes, which help to 
fupply I-ondon ; and the exportation to foreign parts'is very 
confiaerable. The manufadure of foap has long been an 
article of great trade here ; for, in 1523, it fupplied London 
with the heft gray fpeckled foap at id. per pound; but 
it is now IS. Large quantities are Hill Unt to Londoni 


to mod parts of the kingdom, and to America. Tliit 
place was, at an early period, noted for its w^oolicu 
trade. In 1339, we find from Rymer, that the cloth 
manufacture was removed from Flanders, when Briftol 
was appointed a principal ftaple of wool, and many looms 
were let up for weaving woollen cloths. In Henry VI Ilth’a 
reign, it was full of clothiers, weavers, and tuckers ; and 
the magiftrates gave great encouragement to fet up the 
Colchefter rug manufactory, and many fums have at times 
been left to the corporation in truft for the ufe of young 
clothiers. This trade is not entirely taken away, as fome 
woollen Huffs, ferges, &c. are (till made. The manufacture 
of filk fringes, fail cloth, cottons, morocco-leatlier, &c. 
mu ft not be omitted. Several potteries alfo now rival tliofc 
of Stafford (liire. 

Military Hiftory^ Cqfllet &c.— It is highly probable, that 
fo confpicuous and important a place early partook of the 
difafters arifing from the internal commotions of this 
kingdom, and the evils arifing from foreign invafion. But 
hiftory is ftlent, the records being loft till 915, when Stow 
fays, a great navy of Danes failed up channel and infefted 
the wellern coaUs, landed in divcis places, and took great 
plunder; at which time Briftol fuffered from the marauding 
enemy. King Edward fon of Alfred, 911, according to 
the Saxon annals, fent his army out of Mercia, and met them 
in Weffex, where he fought and routed them. The battle 
was decifive, and the Danes were then fubjeCl to the Saxon 
monarch. Edward went on to build towns and caftles ; and 
amongft others he built that of Briftol, on the Mercian fide 
of the river Avon. Camden, therefore, was evidently mil- 
taken when he afferts that Robert Rufus, natural Ion of 
Henry I. was the founder of the caftlc of Briftol. Turgot 
mentions it as the work of Edward in 915, and fays, it 
was “ the goodlieft of five built on the banks of Avon and 
iu 1088, it is mentioned by Roger Hoveden as Caftram 
forti( 7 iniam and if it were fo Itrong 20 years after the 
couqueft, there cannot be a doubt, but it previoufly exifted 
as a lortrefs for the defence of the city. Another dccilive 
proof of Camden’s error is, that the caftle was held by 
Godfrey bifhop of Conftance, and Robert de Mowbray earl 
of Northumberland, in a rebellion again ll king William 
Rufus in 1 088 ; before king Henry I. earl Robert’s father, 
was at man's eftatc. This earl, though not the founder, cer- 
tainly rebuilt fome P^irts, repaired others, and credlcd a 
palace and other offices. He alfo built a magnificent 
towtr, fcarctly equalled at that time in England, and 
ciicompaffed the whole with ftrong wails. Leland informs 
us, that Robert built part of it, and that “ the dungeon 
tower was made of ftone brought out of Normandie by the 
redde carl of Glouceftcr.” It was not till 1130, that carl 
Robert began to rebuild and improve the caftle ; which, 
excluding the out-works, was 450 feet from call to weft, 
and 3C0 feet from north to fouth. There were in it two 
great courts, many towers, a church, and a magnificent 
chapel. The king had alfo a palace within the walls. 
The principal buildings ftood upon an area, covering 3 } acres 
of jjround, exclufivc of courts, yards, and other accommo- 
dations for the officers and the garrifon. Leland informs 
us, that the great tower ftood in the north weft part of the 
caftle; and in his time, about 26th of Henry VlIL, the 
whole was in a decayed (late, and tending faft to ruin. In 
the reign of John, the caftle was annexed to the crown ; 
and here that monarch cruelly confined the princefs Eleanor, 
(called the damfel of Brittany,) who, after forty years 
miferable confinement, died here in 1241. In the barons 
wars, during the reign of Henry HI., prince Edward his 
fon fupplied the caftle with ptovifions, and fined the 
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townrmen loooU For not tOiftin^ him with fuppliei. The 
Utter beficgcd him in the cadlc, and the prince fled to 
Windfor, where he was foon forced to accept terms at the 
hands of the barons. When the duke of Lancafter oppofed 
Richard IL the inhabitants of Briftol threw open their gates 
to the duke’s forces, who ftormed and took the cattle, in which 
many of the king’s friends had taken refuge. The inhabi- 
tants of Briftol fided with the earl of Richmond, afterwards 
Henry VII. at which time Giles lord d’Aubeney held the 
cattle. During the reformation, tumults broke out in the 
weft } and at Briftol, the caftle walls, and gates of the city 
were repaired and mounted with cannon \ but by the prudent 
condud of Mr. William Chefter, the difeonteots were foon 
appeafed, and a general pardon was procured for the deitn* 
quents.^ In the years 1545 and 1553, a mint was efta- 
bliflied in the caftle \ tod the church plate, feized by the 
commifltoners, was here coined. By a petition to king 
Charles 1 ., 1629, the king granted the caftle and its 
appurtenances to the mayor and corporation of Briftol, and 
made it a part of that county and city; and in 1631, it 
was fold to the mayor and burgefles for 9591. In the 
commencement of the war, between the king and his 
parliament, the caftle was repaired and garrifoned by the 
parliament-army under the government of Col. Nath. Fiennes. 
Thi^ was confidercd a place of the greateft confequence, and 
ferved to awe all the weftern counties, having accommo- 
dations for a large army. The king, therefore was very de* 
firousof obtaining polTcffion ; a plot was formed by Yea* 
mans and Bouchier, to deliver it up to the king’s forces ; 
but this being difeovered, prince Rupert, at the head of a 
confiderable army, bcficged it ; but fearing the length of a 
blockade, he determined to take it by ftorm, which he 
quickly effefted. But the place was thus dearly bought, for 
the king loft moft of his valuable officers, and more than 
500 of his beft troops. It was thought of fo much confe- 
quence, that a public thankfgiving was ordered for the 
fuccefs of bis majefty’s arms. The citizeaa fabferibed 
1400I. to prevent the plunder of the foldiery | and orders 
were confequently given for death to be tli penalty of 
plunder, firiftol was ordered to pay yo.oool. in money, and 
clothe and equip 1500 of the king’s foldiers. At the 
battle of Nafeby, prince Rupert repaired to Briftol, which 
be found fupplied with men, provifions. and ammunition, 
fo that he wrote to the king, affuriug him he was able to 
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fuftain a four months’ fiege. This revived the hopes of the 
king’s party; and it was thought that the prince would 
make a vigorous and defperate defence; but, to the fur* 
prife of ill, he made but a very feeble and (hort rcfiftance. 

This unexpeAed and difaftrous event damped the royal 
caufe, which from that day rapidly declined ; and certainly 
the capitulation of this grand nation battened the fatal 
cataftrophe of the king’s fubmiffion, and iubfequent decapi- 
tation. After Oliver Cromwell was proclaimed proteflor, 
he iflued orders for the demolition of the caftle of Briftol • 
The difmantiing was b gun in 1665, and the whole was 
razed to the ground. Scarcely any vcrfligcs are now 
remaining. Thus this fortrcTs, deemed impregnable in 
former ages, and which has made fuch a diltinguifhed 
figure on the page of hittory, the fubje^ of fo much nego- 
tiation, and fo much contention, was deft roved after having 
weathered the ftorms of feven centuries. The inhabitants, 
previous to this period, appear to have always been in oppo- 
fition to the reigning princes, but fubfcquently, however, 
the reverfe appears the cafe. In the duke of Monmouth’s 
rebellion, they efpoufed the caufe of king James. During 
the rebellion, in the reign of George L, and efpccially in 
1745, they were decidedly for the houfe of Hanover; and 

in the prefent day their eicrtioni in defence of the nation 
are too well known to need a comment. 

Such are the moft material places, objeds and events, con* 
ne^cd with the city of Briftol. We may further ftate that its 
buildings cover an area of about 1000 acres of ground, and 
the fuburbs above 500 more. With the appendages it 
contains 600 ftreets, fquares, lanes, courts, 8 tc, in which 
are creded 47 churches and chapels. Here arc 5 botelSf 
50 inns and taverns, ; banking houfes, and 4 prifons. It is 
the chief city, (]^uay, and mart of the wcfteni parts of the 
kingdom, and is claffed among the principal cities of 
Europe. 

Briftol is the birth-place of many diftinguilhed literary 
and public charadiers, the memoirs of whom will be intro* 
duced under their rerpeftive heads. We (hall therefore only 
mention the names of the principal : Thomas Chattertont 
poet, fir William Draper, William of Worcefter, William 
Canny ngs, Edward Colfton, Ann Yearfley, Mary Robert- 
fon. For an account of the Hotwells, Clifton, St. Vincent’s 
rocks, mod many places in the vicinity, fee Clifton. Bar- 
ret’s Hiftory of Briftol, 4to. 1789. 
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BRITAIN, Great, the moft confiderable ifland of Eu- 
rope, comprehending the two kingdoms of England and 
Scotland, with the principality of Wales, and extending 
from Lizard point, N. lat. 50^ nearly to Dungfby-head in 
N. lat. 58® 30^ nearly. Accordingly, its length is about 590 
miles» Its greatell breadth from the Land’s End, in W. long. 
5®45^ to the North Foreland, in E. long. 1® i;^ is about 
4B8 miles. Its form, however, is fomewhat triangular t 
as it has three promontories, projeding in different direc- 
tions, viz. the Land’s End, in Cornwall, towards the 
weft; the North Foreland, in Kent, towards the eaft; and 
Dun^(lby*head, in Caithnefs, towards the north; and the 
circuit of its three Ades, allowing for the windings of the 
coaft, contains, by a general eftimate, about 1800 miles. 
But if Great IMtain were conAdered as a perfeft triangle, 
the length of its three Ades would meafure about 1520 
Britiih miles. It is bounded on the north by the Northern 
Ocean, on the weft by the Atlantic and the IriAi Sea, 
which feparates it from Ireland, on the fouth by the Britifh 
Channel, which divides it from France, and on the eaft, to- 
wards Germany, by the North Sea and German Ocean. 
Some have fuppofed, that Great Britain was, in times of 
very remote antiquity, united with the continent. The 
entire feparation of Great Britain from the continent mull 
have b^pened, according to the conjedurcs of Mr. Kirwan, 
(Irifh TranfaA. vol. vi. p. 301.) long after the deluge, and 
that of Ireland from Great Britain at a ftiil later period ; 
for wolves and bears were anciently found in both, and thefe 
muft have Mfled from the continent into Britain, and hence 
into Ireland, as their importation cannot be fufpe£led. The 
divulAve force that feparated Britain from Germany feerot, 
according to this writer, to have been dirc^ed from north 
to fouth, but gradually weakened in its progrefs. Hence 
that ifland is fliarpened to the northward ; but the imprcfllon 
muft have been conAderably enfeebled by the oppoAtion of the 
itic mountains thal form the Shetland and Orkney ifles. 
broken ftruAure of the calcareous or argillaceous and 
arcnaceoua materials of the more fouthern parts prefented 
lefs refiftanoe, were more eaAly preyed upon, and gare way 
to what is now called the German Ocean, while thefe ma- 
teriala themfelvet were fpread over Wcftpbalta, &e. or formed 
the fubfoil of Flanders, Holland, and the faod-btnks on its 
coaft# The niptnre of the iftbmus that ioined Calais and 
Dover was prmbly cffieAed by on earthquake at a later 
period, tod mdually widened by tides and currents. Ireland 
was proteAed by Scotland from the violence of the northern 
fliock; and hence its Arparatton from Scotland appears to 
have been late and gradual. That from England was pro* 
bably diluvial, and effeAed by a fouthern Aiock. Thefe 
changes, fays this writer, happened at leaft 3600 years ago. 
But to return from this digreflion. 

The fertility and pleafantnefs of Great Britain gave oc« 
caflon 10 imagine that thefe were the fortunate ifl’inds, de* 
fertbed by the poets, where the face of nature exhibited n 


perpetual fprtng. In former tinries thi« was the granary ot the 
weftern empire : from hence was tranfported cvrry year an 
immenfe quantity of com for the fupply of the army on the 
frontiers of Germany. As to the hillory of its more early 
ftate, its population, fertility, and a variety of other cit* 
cumftances relating to it, we refer to the next article. 

The climate of Great Britain is, perhaps, more variable 
than that of any other country on the globe; and this 
circumAancc has been aferibed to the oppoAiion between the 
vapours of the Atlantic Ocean, and the drying winds from 
the cartern continent. The weftern coalU are fuhjeA to 
frequent rains ; and the eaftern part of Scotland has a clearer 
and drier temperature than that of England. The humidity 
of the climate, whilft it invefts the delicious vales and mea- 
dows with a verdure unknown to any other region, injures 
the health of the inhabitants, by occafioning colds and 
catarrhs, which too frequently terminate in confumptions, 
that are fatal to many in the prime of youth. BeAdes, the 
moift and foggy climate confpires, with the exceflive ufe of 
grofd animal food, to produce that melancholy, which fo- 
reigners have confidered as a national charciA'.Tiftic of the 
country* To the mutability of the climate wc may reafon- 
ably alcribe the precarioufnefs of the feafons. To this pur* 
pofc it has been obferved by fome judicious perfons, that Ance 
the year 1775, ^ conAderable change has taken place, with 
regard to the temperature of the year, both in Great Britain 
and Ireland. The winters have been, in general, more moift 
and mild, and the fummers have been more humid and more 
cold, than the average of preceding years. With us the 
year might not improperly be divided into eight months of 
winter and four of fummer. The (pring dawns in April, 
which is commonly a mild month, but eaftern wind<i pre- 
vail in May, and check the eftbrts of reviving nature, and 
difappoint the promife of the year. June, July, Auguft, 
and September, are ufually warm fummer months, with oc- 
cafronal frofty nights even in Auguft, and cold eaft wind ; 
and fome fummers have of late years been chilled by con- 
ftant rain. Our winter commences with the beginning of 
OAober, which, however, is often a mild and plrafant month; 
fevere froll does not commonly occur till Chriftmas. No- 
vember is the moft gloomy month of the year; and allowed, 
generally, to be the moft unfettled month, interfperfed with 
dry froit, cold rains, and ftrong winds, with ftorms of hail 
and fleet. But all obfervations of this kind muft be conA- 
dered as general in their nature ; and cour.teraAcd by dif- 
ferent fituations with regard to latitude, and by a variety of 
local circumftances. 

The population of Great Britain has been varionfly efti* 
mated ; forne reckoning it at 7,000,000, and others at more 
than ia,ooo-ooo. But in the year 2800 an aA was pafled, 
(41 Geo. III.) << for taking an account of the population 
of Great Britain, and of the increafe or diminution thereof.’* 
From an abftraA of the retumt made to parliament, in eoQ« 
fi^ueoce of thia aAt the following refiilt was deduo^: 
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SUMMARY of ENUMERATION. 



HOUSES. 1 

! P fc; 11 S r> K S. 


Inhabited. 

By how many 
t'amilici 
occupied. 

Uninlialiltcd. 

1 MaIc. 

1 

rcraales. 

Total. 

England • . . . 

Wales - - . . 

Scotland • - • . 

Army, including militia - . 

Navy, including marines 
Seamen, in regidered (hipping 
Convidtsi on board the hulks - 

1.472,870 

108,05..; 

m >553 

1,787,520 

118,303 

3<>4.o79 

9.537 

31987,9 !5 
257,178 

734.58' 

198,351 

126,279 

144.558 

1,410 

■l>54i.4W 

284.568 

864,487 

‘ • • 

' j 

1 * " * 

33 '.Ml 
54'.,': 

i)5W,of.8; 

i'AJ 5' 

I !6,279 

«4:.55« 

1,410 

Totals 

1,87.5,476 

2,269,90? 

67,01 i 

5,450.291 

.5.49.*.J54 'io. 9')’.64'^ 


On tills enumeration it is obfcrvccl, that the total popula- 
tion of Great Britain probably exceeds the number of per- 
fons fpccilied in the above fiimmary, in as much as Irnni 
fomc parilhes no returns were received. From the number 
of houfes in Ireland, nearly afeertained by the colleftion of 
a hearth-money tax, it has been computed, that the popu- 
lation of that pait of the united kingdom fomewhat ex- 
ceeds four millions of perfons. It (hould alfo be obferved, 
tliat the iflands of Gucnifey, Jerfey, Alderney, and Sark, 
the Scilly iflands, and the Ifle of Man, were not comprifed 
in this enumeration ; and that the total population of thefe 
iflands has been ufually eftimated at about 8c,ooo perfons. 
On thefe confiderations, with a very moderate allowance for 
omiilions in the returns, the total population of the united 
kingdom of Great Britain and Ireland amounts fifteen 
tnilliotu one hundred thoufami perfons ; and befides thefe, its 
caitern and weftern pofTeflioiis and colonies contain many 
natives of the Britifli ifles. On a more enlarged furvey of 
thefe colonies and fetilements, we may conflder thdr inha- 
bitants either as fubjefls of Great Britain, or as iogpicnting 
its importance by their intimate connedion with il. The 
mod important of thefe are now in Afia; and in Hindoflan, 
the nations fubjeft to Great Britain cannot be no# calcu- 
lated at lefs than 40 millions. The acquiiition of the Dutch 
fettlements, the colony of New Holland, and more minute 
nations, muft alfo be taken into the account. Ih Amerira, 
and what is called the Wed Indies, Canada, Nova Scotia, 
Newfoundland, and the more northern fettlements, with 
Jamaica, and the other iflands, may, perhaps, contain a 
million* In Africa, the fettlements at the Cape of Good 
Hope, the iflands of St. Helena and at Sierra Leone, pre- 
fent an infigniflcant number; and Gibraltar is to be regarded 
merely as a military dation. However, if we compute the 
North American dates, detached from the motha country, 
at a population of five millions, the united kingdom of 
Great Britain and Ireland at 15 millions, and our colonics 
and fettlements at only two millions, wc (hall find in the 
various countries of the globe an increafing population of 
22 millions, didufing the Englifh language and manners to 
a vad extent, and contributing in one way or other to the 
wealthf power, greatnefs, and profperity of Great Bri- 
tain* 

From the above table it appears, that the enumeration of 
iSoi amounts to 8,872,980 perfons for England and Wales; 
and to this number an ^propriate (hare of foldiers and ma- 
me» U to be added, laefe appear to have been 4^,188} 


and if, cxclufivcof them, the total population of the Ibi- 
tifh ifles is 14,630,81’, ( 1 5, 100, oo'’— -469,188) about a 
thirtieth part may be added to the iiiliabiiants in order to 
afeertain the population of any dillindi part. Accordinglr, 
in the following tabic, the txlfting population of England 
and Waits is taken at 9,168,000 ; and the population at- 
tributed to the other years, is obtained by the lule of pro- 
portion, thus: if 255,426 baptifms (the average medium of 
the lad five years, deduced from the leturns of pnrifli regif- 
ters,) were produced from a population of 9,168,000, frt;m 
what population were (the baptifms of 1700, given 

in the fame returns) produced \ 

Table of Population throughout the lad Century. 


ENGLAND .ii>d WALES. 

In the Ycai. 

Popiiiuimn. 

1700 - - - 

5.475,000 

1710 ... 

5,240,000 

1720 ... 

5, 565,000 

i7;jo - - - 

5,796,000 

1740 . . . 

6,064,000 

1750 . . . 

6,467,000 

1760 . - - 

6, 7;^ 6,000 

1770 . . . 

7,428,000 

j/So ... 


17S5 . . . 

8,016,000 

1790 . . . 

8,6/5,000 

1795 • ■ - 

9,055,000 

iSci - - - 

9,168,000 


Upon a view of this table it may be obferved, that at- 
theugh the beginning of the century e.xliibits a decreafing 
population, the loll number had been regained in 1720 ; and 
fincc that time a continual, though iri\gular, increafe is rr.a- 
nifeft. It alfo appears, that the population of Enghuul and 
Wales, in ixScx, compared with that of the beginning of 
the la(l century, is as i,coo to ^^9;, or nearly as ten to fix^ 
The following table for Scotland is formed in the fame 
manner; but being founded c^n u co!le£lion of no more than 
99 parifh regifters, from difierent parts of the country, it is 
of much lefs authority* Thefe pariflics contain lefs than a 
feventh of the whole population* In Scotland there are in 
all about 900 parilhes* 
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Table of Population througliout the lad Century. 


SCOTLAND. 1 

111 ihe Year 

PopuUiiviii . 

1700 - - . 

1,048,000 

1710 . - - 

1,270,000 

1720 - - - 

1,390,000 

1730 - - - 

1,309,000 

1740 - - . 

1,222,000 

1750 - - - 

1,403,000 

1760 - - - 

1 >3 63,000 

1770 - - - 

1,434,000 

17S0 - - - 

1,458,000 

1785 - . - 

*» 47 J»^oo 

1790 . - . 

^>567, 000 

ms - - - 

1,669,000 

1801 - . - 

1,652,370 


The population of Scotland, in i8oi, compared with 
that of the beginning of the laft century, appears to be as 
looo to 634, or nearly as 10 to 6|, which, as the 99 pariili 
regifters were received from the manufaduring parts of 
Scotland, gives too high a ftatement of the increale of popu- 
lation. 

In the year 1695 ^ poll-tax was levied in Ireland; and on 
this occafion it was calculated, that the number of inhabi- 
tants was 1,034,000; but the ufual evafion of taxation may 
be fuppofed to have confiderably leflened the real number. 
About the year 1795, Ireland contained, at lead, 4,000,000, 
and fince that time the number has not increafed. However, 
it may not be very erroneous to edimate the population of 
Ireland at 1,500,000 in the year 1700, and at 4,000,000 
in the year i8ot. If this be granted, the population be- 
longing to all the Britifli ifles has increafed during the lad 
century from 8,100,000 to 15,100,000. 

Of the population of Great Britain, the army has, of late 
years, engroded a confiderable (hare. It confids of regulars, 
in cavalry, and infantry, and the militia, exclufive of artillery 
and engineers. The volunteer corps in Great Britain and 
Ireland amounted in December, 1803, to 4^0,000; and on 
the id of January, 1805, fccrctaiy of war made the 
following return of the date of tlie Britifh forces at home, 
and on foreign dations, viz. 21,22^ of cavalry, including 
1,088 horfe artillery; 8,559 of artillery; 124,878 of in- 
fantry, including 20,747 men for limited fervice, and 21,208 
men belonging to foreign and provincial corps in Britifh 
pay ; and of militia : fo that the whole Britifh force, 

in regulars, militia, and volunteers, amounts to 674,469 men. 
To thefc we may add the royal regiment of artillery, the 
horfe brigade, thebiigade of gunners and drivers, and com- 
panies ofTorcign artillery, amounting on the id of January, 
1805, to 16,670 ; and the corps of royal artillery, artificers 
and labourers, including, at the fame peiiod, 70^ men. 

But the great rampart and fupreme glory of Great Bri- 
tain confid in her navy, in dze, drength, and number of 
fhips, far exceeding any example on record. In 1805, the 
total of fliips in commifTion amounted to 684, confiding of 
211 of the line, 19 fifties to forty-fours, 150 frigates, 
and .104 fhips of various kinds ; bcfidcs fevcral repairing, 
in ordinary, and building : amounting in the whole to 
895. For this immenfe fleet, the number of feamcn, 
annually voted, amounts from a hundred to a hundred and 
twenty thoufiind ; a number which no other country ancient 
or modern could have fupplied. To fupport the expendi- 
ture occafioned by the army and navy of Great Britain, 
to defray the other charges of government, and alfo to 
difcliJirge tlic intered of the national debt, a very large 


fum is raifed by a variety of taxes, in aid of the revenne, 
arifing from the excife and cudoms. The ability of the 
country for bearing the burden which its exigencies impofe 
upon it, confids in the produce of its land and manufadlures, 
and in the circulation ol property, occafioned by its domcllic 
trade and foreign commerce. Thefc fburces of national 
wealth have been improved to an adonifiiing degree in the 
courfe of the lad century and a half. Availing ourfelves 4)f 
the edimate of the national wealth of Great Britain, furnifn- 
cd by Mr. Grellivr, an ingenious writer, in one of our periodi- 
cal publications (Monthly Magazine, vol. x.) we fhall fub- 
join the following datement of its vad increafe dunng th.e 
period above mentioned. In 1664, fir William Petty 
mated the wealth of England at the fum of two hundred 
and fifty millions. His computation is fubjoined. 

Value of the land ; being 24 millions of*| 

acres, yielding 8 millions per annum 144,000,0^0 
rent, worth at j8 years pvrehafe • J 
Houfea ; reckoning thofe within tlic bills") 
of mortality, equal in value to one-third ^ 

of the u hole - - • J 

Shipping ; 500,000 tons, at 6/. per ton, I 
including rigging, ordnance, Slc. - J 
Stock of cattle on the 24 millions of acres'] 
and the wade belonging to them, in- > 
chiding parks, fifhcries, warrens, &c. J 
Gold and filver coin, fcarce 
Wares, merchandize, plate, furniture 

£, 250,000,000 


But fince the time when this computation was made, a 
great difference in the value of money has taken place, 
which difference appears from the table of fir George Shuck- 
burgh Evelyn, in the Philof. Tranf. for 1798, part i, page 
177, to be in the proportion of about 5 to 14 ; and, there- 
fore, the total wealth of England and Wales, in 1664, 
WOUI4 have amounted to 700,000,000/. according to the 
prefent value of money. 

The value of land has progrcflivcly increafed, in confe- 
quence of improvements in cultivation, and the increafed 
confumption of its produce, from 18 years’ pui chafe, at 
which fir William Petty dates it, to fiom 28 to 30 years* 
purchafe. The whole landed rental of England and Wales, 
and the Low-lands of Scotland, was dated by this writer at 
about 9 millions ; and if he had included the High-lands of 
Scotland, it is reafonable to fuppofe that he wouM not have 
made the whole rental of the ifland more than 9,500,000!. 
G« King and Dr. Davenant, in the reign of qUeen Anne, 
dated the rental of England and Wales at 14,000,0001.: 
about 25 years ago, it was generally reckoned at 20,000, jooL; 
but at prefent it confiderably exceeds that fum. I’he cul- 
tivated land appears, from the datement of Mr. Middleton, 
in his “ View of the Agriculture of the County of Middlc- 
fex,*’ to be 39.027,000 acrcc, and the commons and wade- 
lands to be 7,889,000 acres ; and, therefore, the total of 
acres in England and V/uic: amounts to 46,; 16,000 acres. 
If, therefore, we confidcr the commonb and wade lands a» 
equal in annual value to only one millioti of cultivated acres, 
the whole may be ta!'cn at 40 miliiors; and taking the 
average rent, which, at 15s. per acre, appears to be a 
moderate computation, at a tenth lefs, the rental amounts: 
to 27,000,000!. and the value at 28 years* purchafe to 
756,000,0001. The niimb'fr of cultivated acres in Scot- 
land is upwards of t2 millions, and of uncultivated acres 
Upwards of 14 million?, winch, being of little ufe, may 
be wholly exclinled ; and the cultivated part, being rated at 
an average of los. per acre, yields the ium of 6»ooo,oooK 


30.000. 000 

3.000. 000 

36 .000. 0e‘o 

6.000. 000 

31.000. 000 
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per annum : and iht total rental of Great Britain will be 
33>O00)0oo1. and the value of the land, at 30 years* pur* 
chafe, be 990,000 cool- Other writers have endeavoured to 

f rove, (fee Beche’a Obfervationa on the Produce of the 
ncome Tax,**) that in the whole extent of Ensland and 
Wales there are no more than 38)500,000 acres of land $ and 
that Scotland, with its adjacent iflands, contains about 21 
million of acres. It is not fo eafy to afeertain the value of 
the houfes as it is to determine the value of the land i but the 
following ftatement of their rent, founded on the numbers re- 
turned as chargeable and excufed to the window duties, in 
England and Wales, in 1781, will not be thought too lugh : 

Rent. 


Number of cottages 284.459, at 208. 

per annum • - • • J 

Number of houfes under 10 windows, 'I 
497,801, at 5I. per annum - - J 

Number of houfes under 21 windows, \ 
171,177. at 151. per annum - -/ 

Number of houles, above ao windows, 1 
51,373, at 40I. per annum - • / 

Total - 


£ *84,459 

2,489,005 

2,094,920 

^7,450,039 


The total rent, at ao years* purchafe, makes 148,720.780!. 
and including Scotland at leC thnn a fixth of England and 
Wales, the whole will amount to 170,000,000!. 

In order to form an idea of the value of cattle and farm- 
ing ftock, on the land, wc may confidrr the black cattle a d 
calves, (beep and lambs, fwinc, pigs, and poultry, annually 
confumed in I.ondon as worth 6 ooo.oool. wh.ich cannot 
be more than a feventh part of the whole confumption, 
amounting therefore in value to 42,000,000!. : hut the wl ole 
number of cMttlc exiting muft be more than d nh! the 
quantity brought to market { fo that, including horfei, aff s, 
cows kept for milk, and oxen employed in agriculture, the 
whole value of the cattK- cannot be Id's than 90,000 000!. 

Taking the annual cvmfumption of gram of all forts at 
14,000,000 quarters, winch is probably below the truth, it 
may be pn fumed, that in general there is at lead three or 
four months’ fupoly on hand, which, at only 359. per quart rr, 
will amount to at lead 6,125,000!. The value of hay and 
draw, and all kinds of fodder and of all implements of huf- 
bandry, cannot be Icfs than five or fix millions, and with 
the former fnm will make about i2,ooo.oool. The total 
value of cattle and farming ftock is therefore io2,COO,oool. i 
and if it be eftimated as equal in value to only three times 
the yearly rent, if wi'l amount to nearly this fum. 

The value of the ftvppmg belonging to Great Britain 
may be more accurately afceriained ; for it appears that, in 
tonnage of the vefUds in the merchants* fervicc was 
J.?8 o,i 62 tons; but taking it at 1. 500,000!. at 81 . per ton, 
it makes I2,ooo,oool. and this is without doubt below the 
real value. In the year ending the yih of January, 1804, 
ihe number of Briiifh (hips entered inwards was J ' f 

their tonnage 1.614 3^5; r.P? 

4,25a, and their tonnage 638,034; the number of Dritiih 
ihips clwwd outwards, was 3,662, and theirtonoa({e 574 > 54 * » 
and the number of foreign (hips 5,66a, ind their tonnage 
04 . W*. The (hipping of the nav7 may perhaps be 
ellimiud at 4.000,000!. making, with the former fom 
iS.ooo oool. to which fome addition (hould be inade tor toe 
value of the fmall cri f t employed on our ri vem and 

The quantity of money in the country hai, at dHtereat 
times, been a fubjeft of difpute, and baa never been deter, 
mined with precifion. However, by the recoinap in 1773, 
2774 , and 1776, it was found, that the value of the light 
tf^deliveted into the bank amounted to 15,563.5931. ; and 

h wai gtncrally admitted that fomewhtt more thao two 


millions of heavy guineas remained out in circulationt which 
with the (liver and copper coin, made the whole, at that 
time, about 20 millions, at which fum Mr. Chalmers efti* 
mated it in the year 1786. Mr, Grellier eiUmates it at 
about 25 millions. 

Of the value of the merchandixe and msnufad^uresufuilly 
in the hands of the merchants, wholefale dealers, (hop-kerp* 
ers, and maniifadurirs, it i^ very d.lRcult to form a fatisfadiory 
idea. The total amount of the exports in 1797 was 
28,917,000!. and of imports 21,013,000!. according to the 
cuftom houfe accounts ; but thefe accounts bring canrjdc* 
raMy below the true valiir, if wc take the whole as rated 
only 60 p'r cent, und r the value in 1800, the annual 
amount of foi c’gn trade cllimated for that peiiocl, will be 
79,880 ooola to which fome addition (hould be made for 
fmu^t^led oods. Mr. Pitt, in I799» computed the imports 
at 25,0(;0.oool. and the exports at more than 33 .ooo.oooL; 
and in Tth. i8oi,thr for-'gn exports at 17,000,0^0!. and the 
dotnclfi * at 20, 000, oool., amounting toa total of 37 ooo oool. 
The offici d vdiie of all imports on an average of fix years, 
ending the 5th of January, 1804, was 29490945 ,; and 
the official v-due ot Bntifh mnnufadturcs exported, on the 
fame average to the fam? timp, was 23,834.340). ; and real 
value 40,100,8701. ; and the offic al vi ’u: of fotcig i mer- 
chandize exported, on the fame avtrag' , the fimc time, 
was 15 3 ^3.500’. ; And the rtal value 9 3 23 *2571. It was the 
opinion of a n'iin‘‘ion8 meeting of tnerenantp in March, 1797 * 
that there ta always, at the leaft, two monu.s’ fupply of ex- 
port and import merchandize in the enftody of th • merchants 
and traders, which, according to the above total f 79,888,000!. 
will amount to 13,314,666!. to which fume addition 
fhould be made for proptrty in the* hands of foreign mer- 
chants. But the value of goods in the hands ol manufac- 
turers and retail traders far exceeds this furn. The offi- 
cial value of Britifii manufa 6 lures exported in 179® 
19.771.510!. ; but this being at leaft 71 prr cent, below the 
real value, we may take the aAual value, on an average of 
two years, at 31- 356,7931., which, it is pnfnmtd, cannot be 
more than a third of the whole produce of our manufac- 
tures ; and accordingly, this will amount to 94.070.379®* 
If we deduft j.ooDjOOol. for that fmall part which is fup- 
pofed to be in the hands of the merchants, the remainder 
will be 89,070,379). ; and of this it is probable that there 
is much more than three rr.ontlis* fupply in the hands of 
the mannfaAiirera and retail traders, which eftimated in this 
proportion, amounts to 22.267. 594I. ^ 

As to the value of ihat part of the property of indivi- 
duals which confiftBin houfehidd furniture, wearing apparel, 
provifions, fuel, carriages. 5 cc. &c. wc can recur only to 
conjeaurc » hut it may be thought not to be ovcr-raicd at 
three tim r the yearly tent of the houfes which contain it, 
or 26.026,000!. in the whole of Great Britain. 

The f dovvi g fummary will exhibit the refults of the 
above eftintatea : 


Value of the land of Gieat Britain £ 


Houfes 

Cattle, and all kinds of farming ftock - 
Sidpping, navy, and merchant (hips 

Money - - • , i, 

Goods in hands of merchants and whole- j 
fale dealers - • • * ‘J 

Goods in hands of manufacturers and | 



990.000. 000 

1 70.000. 000 

102 . 000 . 030 

16.000. 000 

25.000. 000 

13.314.000 

22.267.000 

26.026.000 


ToWl £ i, 3 (S 4 .< 5 o 7 ,ooo 
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Trom tlic above ftatement it appears that, fincc the year The land rentali after deducing one-i 

1664, (here has been an average gain of upwards of four fifth lA* * » 

tnillions per annum, of which a very confiderable part has The tenants* rental of land, deduding , 
been derived, dircdly or indiredly, from foreign commerce. two-thirds of the rack-rent • - * * 


tniUions per annum, ot wnich a very coniiderable part has 
been derived, diredly or indiredly, from foreign commerce. 
The great increafe of the annual income affords a further 
proof that there mud have been fuch an accumulating fur- 
plus. 8ir W. Petty (Pol. Aritb; p. 123.) fuppofed the 
income derived from land to be 8,ooo,oool. the profits of 
perfonal edates 8,000,000!. and the profits of all kinds of 
labour 26,000,000, making together 42,000,000!. Mr. 
G. King edimated the whide income at 43,^oo,oool« Dr. 
Davenant, in 1701, dates the income denved from land 
at io,030,oool. the profits of trade at 6,ooo,oool. and 
thofe of fciences, arts, labour, indudry, manufadures, 
retailing foreign goods, and buying and felling home com- 
modities, at 35,ooo,oool. making in the whole 49,000,000]. 
Thefc accounts are exclufive of Scotland ; but after 
making a fufiicient addition for this country, it will 
appear that there has been a confiderable increafe of the 
general income. Sir John Sinclair, in his Hints addrefled 
to the Public,** in 1783, obferved, that the income of the 
country arifing from lauds, commerce, and manufadures, 
was commonly calculated at ioo,ooo,oool. which he in- 
clined to think a low valuation ; and, without doubt, the 
profit derived of late years from each of thefe fourccs has 
confidcrably iticrcafed. It is not eafy to form a very pre^ 
cife cflimate of the national income ; but the follow'iug 
datement is prefumed to be not very inaccurate : 

From rent of lands . - • £• 33iOoo,ooo 

- — ditto of houfes . • . - 8,500,000 

Profits of farmiiii?, or the occupation ofl ^ . 

the land . - .. . -I <5,120.000 

Income of labourers in agriculture - 15,000,000 

Profits of mines, collieries, and inland - 

• 2 , 000,000 

navigations • - - • • 

Profits of fliipping in merchants* fcrvice, 

and fmall craft - - - 1,000,000 

Income of llock-holders - - 15,500,000 

From mortgages, and other money lent ) 

on private ftcuiities - J 3»^^o>oco 

Profits of foreign tiadc 11,250,000 

Ditto of manufadures - . - 14,100,000 

Pay of the army and navy, and feamen ) 
in merchauls’ fcrvice * - - - J 

Income of the dergy of all deferiptions • 2,200,000 

Income of the judges, and all fubordinatc ) ^ 

officers of the itw . - *.8«>,oco 

ProftfTors, fchool-maftcrs, tutors, See, • 600,000 

8,000,000 


Retail trades, not immediately conneded 1 
with foreign trade or any mauufadure J 
Various other profeiTions and employments 
Male and female fervants - . . 


2,000,000 

2 , 000,000 

J.3o»j7o,ooo 


If the total expenditure be ellimated at 125,860,000!., 
which has been deduced from a minute, and, perhaps, as 
accurate a ftatement of particulars as the fubjed, admitting 
of various conjediires and prefumptions, allow’s, the differctice 
between this expenditure and the general income ihews the 
annual gain of tiic country, or the furo applicable to the 
extenlion of commerce, the refervalion of a greater quan- 


The tenants* rental of land, deduding 
two-thirds of the rack-rent 
The amount of tythes, deduding one- 
fifth . - - - 

The produce of mines, canal naviga- 
tions, &c. deduding one-fifth - • ^ 
The rental of houfes, deduding one-fifth 
The profits of profeflions 
The rental of Scotland, taking it at 
one-eighth of that of England 
The income of perfons refident in 
Great Britain, drawn from poftef- 
fions beyond the fcas 
The amount of annuities from the pub- ' 
lie funds, after deduding one-fifth > 
for exemptions and mediheations 
The profits on the capital, employed ' ^ 
in our foreign commerce - - \ 

The profits on the capital employed in " 
domeftic trade, and the profits of ft(ill > 
and indullry . • - 


6 , 000,000 

4.000. 000 

3.000. 000 

5.000. 000 

2.000. 000 

5.000. 000 


5,000,00c 


jr 2, 000, 000 


X 2,000,000 


28,000,000 


1 02 , 000,000 


As one of the principal fources of the wealth of Great 
Britain confifts in its matuifadiires, it may not be improper 
to give a brief ftatement of them ; referving a more copious 
detail for other articles in this didionary, under wdiich they 
will ftmarately occur. The woollen manufadure deferves to 
be firft mentioned, becaufe it is the moft ancient, and, in a 
variety of refpeds, the moft important ftaplc of the country. 
In an examination of the principal w’^ooHcn nianufadurers by 
a committee of the houle of commons not long ago, the 
quantity of w'ool grown in tliis countiy was eitimated at 
6co, 000 packs of 24olbs. each, which, valued at iil. per 
pack, amount to 6,6oo,cool. : and though the increafe of 
value of manufadured wool is various, and depends on its 


quality, yet it was ftated, that the total value of the wool 
manutadure in this country amounts to 19,800,000!. But 
the calculation fuppofes, that the number of ftieep, in 1791, 
was 28,800,000, which exceeded the truth at that time, 
and much more fincc that period ; and it was formed upon 
an unufiially high price of wool. But the eftimate will be 
much lefs objcdionablc, if it be formed on 500,000 packs 
at xol. X08. per pack, and thus the value of the wool will be 
^,250,000!., and its manufadured value will be 15,750,000!. 
The average value of woollen goods exported lor 1797, 
1798, and 1799, is 6,104,211!. which, as the cuftom-houfe 
values of goods exported are much below their real value, 
requires an addition of about 25 per cent, and thus it be- 
comes 7,630,2631. The value of goods retained for home con- 
fumption wnll be nearly equal to uiat of fuch as are exported ; 
and, therefore, tlie whole value of the manufadure appears 
to be about 1 5,260,000!. and may be taken, at a medium, 
between this lum and that before ftated, at 15,500,000!. 
Deduding 10 per cent, on the coft of the goods, for the 
profits of the manufadurer, with intereft m his capital, 
there will remain 14,090,900!. for the coll of materials and 
wages of labour : and as the value of the wool is about 
5,250,0001. ; the amount of workmauftiip, or the wages of 


tity of foreign articles, the increafe of (hipping and buildings, all the perfons employed in this manufadure, is 8,840,900!. ; 
agricultural or mechanical improvements, or other aiigmen- and the whole number of perfons employed, averaging their 


agricultural or mechanical improvements, or other aiigmen- and the whole number of perfons employed, averaging their 
tations of the general ftcick. wages at bs. each per week, docs not exceed 425,043. 

On introducing the income-tax, Mr* Pitt, chancellor of The value of the leather manufafture may dc ftated at 
the exchequer, gave the foUowing eftimate of the annual in- to, 500,000!. from which dedu6Ung 954,545l«'for the pro- 


come of Great < 


The value of the leather manufafture may oe ftated at 
10,500,0001. from which dedu6Ung 954,545t'for the pro- 


fits of the capitali and 3,500,000!. for the coft of the raw 
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anicle, tf'.erc vrjil remain 6.045,4551. for the wages of perfoRS 
employed in it. vahich, ailowing'to each 25I. a year at an 
ttvtnige, makes the number employed 241,818. 

The «-otton manufadure was formerly incoiifidcrable) in 
comparifon with i^s prtfmt (fate. The total quantity of 
c*»tton wool imported into England, on an average of five 
yearr, ending with 1705, was l ,170 BSilbs.; and lb late as 
tlie yi*ar 1781, it amounted to only 5,ioi,92olb«. But 
this munufai'rtnre w ?9 fo miuh extended, that before the 
com.'nencemcnt of the lad war the confumption of coitou 
wool amounted to upw.irds of 30,000,0001^8. per annum. 
During the yeari, i;98, and 1799, the annual 

niv^orty at an average, was .^0,43 {,coolbr5. ; tlic value of 
whioli, wlicn manult«<Au'cd, cannot he I/fs th ui 9,500,000!.; 
nr,d if WM deduA from thiii fum 863,636!. for profits of capital, 
at lo per cent, and 5,804.250!. iiu coll of the raw material 
ai 23 . 6J. per pound, there will remain 4,832,1 14I. for wages, 
which, divided at the rate of 15I. pfr annum for each perfon, 
on account of the number of w,>men and children employed, 
naake.s the whole number 522, j 40 pcrlbns. 

'^I'he filk nriar.u fad lire has of late years experienced little 
fl uduation ; the avciiige of raw and thrown filk imported 
for thne years p* reeding the 5th of January, 1797, was 
885,458188. 5 an;i the nfual quantity cannot be dated at lefs 
than 9C2,ooolbs.' the value of which, when manufadured, is 
about 2,70O>0-^l» The cod of the fiik, averaging that of 
the raw and thrown at 288. per pound, amountato 1,260.000!., 
and the profits of the manufadurer to 245,454!. at the rate 
of JO per cent, on the cod when manufactured. The num- 
ber of perfons employed in tliis manufadurc has been dated 
at 200,000 and upwards ; but there is rrafon, fays Mr, 
Grrllier, to believe that it dots not exceed 60,000 of all de- 
feriptions. 

The linen manufadure of Great Britain is chiefly confined 
to Scotland, though fomc branches of it are carried on in 
Mancheder and other parts of England. The total quantity 
of Britifii linen exported during the years 1797, 1798, 1799, 
was 56,481,000 yards 5 and if the quantity retained lor 
home confumption is not greater than the export* the value 
of the whole mud be at lead j,6oo,Ov''ol. ; and that this does 
not exceed the truth is probable, if the yearly value of the 
whole manufadurc in Great Britain, with the thread and 
other branches of the flax tr«ide, is dated at 2,coO|pcol.) and 
the ntimber of perfons emplo\cd at 6o,cxdo. 

The hemp uianufadurc at prefent exceeds 1,500,000!., 
but it is Itfs in time of peace ; and the number of perfons 
employee is probably not lefs than 35.000. 

The paper manufadurc has of late greatly advanced. 
About 100 years ago, the paper male in lids country was 
almcid w'.ully the coarfc wi*appin.<f paper, ai d for a long 
tunc tlic fupeiior kinds were for the moll ps»t imported ; 
blit the export is now confiderable. The aanual vdluc of 
the mHnuffdurc, at the pir-fesit h’gh prices of the article, 
c-innot be lefs than 900,2'ooi. ; and t!ic number of perfons 
employed w 30,000, 

The gl .fs manufadure has of lute very much improved 
and incr.iaied ; 10 tiiat it rnvy no.v amoiiPt to 1,500,000!. 
and the pafona employed ii» it aie 36.000. 

The potteries and imnufadurts ot ear' lien ware and por- 
celain have rapidlv advanced during the prcfrrt century, in 
confequer.cc of the Improvement tiicy hi^ve received, and the 
xntroduflicn of many new and bfaiitiiul v'ares both for our 
own nfe and foreH>n rnai kets. We r.re parti.u'arly indebted 
to Mr. W" Igwood, “ for convcitiug clay into gold.” The 
anr u^l va*ti<c will probably not be over'i'wted at 2,oco,c&oL, 
and the mimber of perfens employed ut *15,000. 

The iron inanufatturc is fupplied p utly by the produce of 
our own mines, and partly by thofe of other couuuies. 


With rcfpedl to the fii ft it is faid, the total produce of pig# 
iron m Britain does not at prefent exceed 1 00,000 Ions , and 
reckoning on an average, that 33 cwi. of crude iion produce# 
one ton of bars, and that the inanufa6liirc of malleable iron 
amounts to 35,000 tons per annum, this branch will require 
57 i 75 o toiJ8 of crude iron ; end the value in bars at 20!. 
a toil is 700,000!.; the rcmai.''.iiig 42,:5o Ion?, call into 
cannon, cyl ndcr^, machinery, See, at r^L a ton, is worth 
591,500!. The lupplv of foreign bar iron is chiefly obtained 
fiom Ruflia and Sweden ; and the quantity imported , o« an 
average of 12 ycart», has btcn 44,1 35 ton-i, woith, at 22!. 
per ton, 970, (>70!., which, together with the former lums, 
amountiS to 2yzGiy\^o\, Some ytprs ago, the value of the 
iron manufuel’jrc was cilirnattd at 8,700,000!. ; but if this 
fum lliould appear too higli, wc may include tin and lead, 
and the vdue of the whole will probiibly amount to 

10.000. 0001., and the number of perfons employed tt> 

200.000. 

7 'he copper and hrafs manufaflures arc now tflablilhed in 
this country. Till about the )car8 1720 or i73^i moll of 
the copper and hrafs utenlils ufed fur culinaiy and other 
purpofes in this country were imported fiom Hamburg and 
Holland, being procured from the manufa£lorics of Ger- 
many : and even fo late as the years 1745 and 1750, copper 
tca-kctiles, faucepans, and pots of all li/.es, were imported 
ill large quantities. But by the perftvcring indtiftry, capi- 
tals, and cnterprifing fpirit of our miners and inanufa<^urer8, 
thefe imports have become totally unneceflary ; fo that the 
articles are now all made here, and far better than any other 
country can produce. The difcovcry of new copper-ininta 
in Derbyftiirc and Wales, about the year 1773, contributed 
to the extenfion of the manufa^lure in this country ; and it 
appears to be Hill incrcafing, Dotwithilanding the late great 
advance in the price of copper. The value of wrought 
copper and brafs, exported during the year 1 799* waa 
1,222,1871. ; and there is reafon to believe- that the whole 
value of thtfe manufa^urcs at prefent is at lead 3,500,000!.^ 
and the number of perfons employed 60,000; 

The ftccl, plating, and hard-ware manufadurcs, including 
the toy-trade, have been of late much extended, and may 
probably amount in value to 4,000,0001.9 and the perfons 
employed to at leaft 70,000. 

It is acknowledged, that many of thefc eftimates muft be 
effcntially defective, from the want of public documents rc- 
fpcAing many important branches of trade. However, they 
ferve to flicw, in a general view, the relative extent of our 
principal manufadures, as in the following fummary : 


A * 

Woollen 

Annual Value. 

£, 15.500,000 

Perfuns empl«*yci]. 

425.04.3 

I.erther 

10,500,000 

241,818 

Colton 

9,500,000 

322,140 

Silk - 

2,700 000 

6o>ooo 

lunen and flax 

2,C00,OOO 

60, 030 

Hemp 

1,500 000 

35»ooo 

P^iper 

O'afs • • • 

900, coo 

30,000 

1,500,000 

36,000 

Potteries 

2,000,000 

45,000 

Iron, tin, and lead 
Copp^^r and brals - 
Steel, plating, ^c. - 

io,ooo,oco 

200,000 

3.50c 90 CO 

60,000 

4,000,000 

70,000 


£, 63 ,60-, 000 

1,585,000 


To tjhc above enumerated marufadurcs of greater import* 
ance, we might have added thofe of hats, horn, ft raw, See. 
wliicli taken togUlier arc of very confiderable amount, and 
employ a great number of hands. TIurc arc alfo fome, 
whicbi though not generally irciuded among the manu* 
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h&\xrc$t partake of the nature of thefe* and might, not im« 
property, be claffed with them. To this head we might refer 
thy elegant branch of exportation, or that of beautiful 
prints, for which this country is in an eminent degree in- 
debted to the late alderman BoydelL Grellier, Month. 

Jan. 1801. 

The commerce of Great Britain extends througii the eaft- 
ern and wedern hcmifpheres of the globe, by means of the 
capital and credit of tne country, tlic iliill and indudry of 
its artizans and manufadurers, the number of its (hips 
and the charadler of its fcamcn, and the enterprifing fpirit as 


well at edabliihed repuUtion of its merchants. The num- 
ber of regidered veflels belonging to the Britifh dominionSf 
and employed in trade in 1802, was 20,568, their tonnuge 
2,128,055, and the number of feamen navi^ting the fame, 
154,530. In 1803, the number of vtffds was 21,449; 
their tonnage 2,238,2495 and the number of men 155,445 » 
being an incrcafc of 877 (hips, of 110,194 tons, and of 915 
men. 

The following table will exhibit a complete view of Bri- 
ti(h commerce fwely from the port of l.ondon, for one year, 
ending Jan. 5, 1 795, fince which the commerce has increafed. 


Names of the Couninct. 


Value of Imports 
into Loudon. 


Value of Exports fiom the Port of London, 
Co Foreign Paits, 

Britifli Foreign 

Manufaidurci. Meichandize. 





ii. 

£* /. 

</. 

£' /. 

if. 

Ireland . . . - 

2,209,501 

3 

4 

168,687 18 

3 

9 I 4 > 35 * 4 

4 

Britilh Wed Indies 

- 6,072,117 

1,226,064 

5 

0 

2,249,043 13 

II 

579*453 (> 

0 

Conquered I (lands 

13 

8 

260,976 0 

11 

110,8*7 18 

0 

Britidi American Colonies 

307,412 

U 

0 

654,842 19 

4 

*51*551 *5 

2 

Guernfey and Jerfey - 

- 9 *» 93 ^ 

1 

2 

12,001 13 

10 

21,616 16 

69,315 2 

8 

Gibraltar . - - - 

12,947 

16 

8 

83473 H 

11 

8 

Honduras Bay . . • 

14,696 

4 

2 

2,029 18 

IT 

*.550 

2 

South Filhcty - - - 

- 197,680 

8 

6 

21 6 

8 



— 

Ada, including Ead Indies 

- 8,916,950 

2 

10 

3,398,680 I 

4 

185,190 lO 

0 

Africa .... 

- 66,013 

8 

4 

9 o »593 12 

9 

188,743 16 

6 

Turkey - - - - 

641,860 

19 

2 

32,065 12 

0 

1*3*776 7 

2 

Streights . • • 

00 

• 

H 

0 

— 

— 

— — “ 

— 

Venice . - - - 

. 81,107 

16 

0 

6,203 17 

11 

16,305 7 

2 

Italy - . . - 

. I.aic.oia 

15 

0 

80,980 id 

9 

340,786 0 

8 

Spain .... 

1,070,697 18 

0 

205,096 4 

4 

*65,169 3 

4 

Portujg^al - - . 

■ 644,600 

3 

8 

182,780 6 

2 

119,813 12 
6,886 18 

6 

Madeira • • • 

7*479 

16 

8 

27,998 6 

10 

2 

Canaries - - - - 

< 5 , 7^3 


10 

20,116 18 

4 

377 5 

2 

France • • • - 

- *30 

6 

8 

3 »^^^ 5 

3 

63,625 JO 

6 

Audrian Flanders 

- I 37.»49 

S 

0 

129413 9 

7 

887,642 18 

10 

Holland .... 

i.* 03 * 5 'J 

3 

6 

114,458 3 

7 

1,968,687 3 

4 

Germany - - - - 

1,089,307 

19 

4 

1,044,634 18 

0 

6,176,100 14 

8 

PrulTia - , - - 

196,657 

3 

2 

54,380 14 

0 

272,7x9 17 

4 

Poland - - - - 

- 104,978 

10 

4 

7,022 11 

10 

57,067 a 

4 

Sweden . • • 

261,727 

3 

4 

33*845 5 

6 

111,457 14 

4 

Rulfia • • • 

1,169,688 

9 

6 

95*519 8 

8 

491*244 9 

2 

Denmark and Norway 

166,366 

I 

0 

147,340 0 

II 

545*509 19 

8 

Greenland 

' » 6,753 

11 

2 

«« — ' 

— 

_ . 


United States of America 

811,511 

18 

8 

2,251,280 12 

I 

429,248 7 

8 

Florida • • • 

16,239 16 

0 

38,067 0 

3 

8,855 0 

0 

Foreign Wed Indies 

Prize Goods 

- 56,240 

1,572,868 

2 

8 

0 

8 

1,767 13 

10 

60 0 0 
Included in the tic- 
count of each cwuiitry* 


29,706,476 

«7 

4 

"* 39 * 5*539 >3 

8 

14,208,925 14 

6 


RECAPITULATION. 


The aggregate value of goods imported into London in one year 

- 

29*706,476 

^7 4 

Britifli manufactures exported 

£• 1 •* 39 * 5*539 >3 

8 




Foreign merchandize, do. 

14,208,925 14 

6 


* 5 *< 5 o 5 » 4*55 

8 2 

Value of goods iinported in upwards of 
9000 coalling vedels, averaged at 500!. 

7 




r 4 .500,000 0 

0 




each. 

Value of goods exported coadways, in 

3 

j- 7,000,000 0 





about 7000 velTelai at loool. each. 

0 


1 1, foe, 000 

0 0 



Total amount of property (hipped and unihipped in the river Thames, in the ) q. . . a 

coorfe of a year, edimated at - ... J ^ »5'4 5 



BRITAIN 

If we add to thii eftimate, the iceounte belonging to the 
other port! of Briftol) Liverpool) &c. the account muft be 
esormoue. 

From the ftates of North America are chiefly imported 
tobaccoi rice, indigo, timber, hemp, flax, iron, pitch, tar, 
and lumber; from the Weft Indiea, fugar, rum, otton, 
coffer, ginger, pepper, guaiacum, farfaparilla, mancliineal, 
mahogany, gmna, ke , ; from Africa, gold dull, ivory, guma, 
&c.; from the Eaft Indies and China, tea, rice, fpices, 
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drugs, colours, filk, cotton, faltpetre, (hawls, and other 
produAsof the loomj from p,iir remaining fctilemenia in 
North America, furs, timber, pot-aih, iron; and from the 
various ftates of Europe, niJinerous articles of utility and of 
luxury. Pinkerton’s Grog. vol. i. p. ico. 

For other particulars rilating to Great Britain, fee CoN» 
8TITUT10H. Debt, Fund, PAaiiAMENT, Revenue, &c. 
kc. See alfo Enoland. ScornAND, and Wales. 



Buddie 


BUDDLEi in Mineralogy, z mmc g\vtn bytheEngliffi 
dreflcrB of the ores of metals, to a fort of frame made to 
receive the ore after its firft reparation from its groffeft fouU 
nefs* 

The ore is fird beaten to powder in wooden troughs, 
through which there runs a continual dream of water, which 
carries away fuch of it as is doc enough to pafs a grating, 
which is placed at one end of the trough ; this falls into a 
long fquare receiver of wood, called the launder : the hea« 
vied and pured of the ore falling at the head of the laun* 
der, is taken out feparately, and requires little more care or 
trouble ; but the other part, which fpreads over the middle 
and lower end of the launder, is thrown into the buddlc, 
which is a long fquare frame of boards, about four feet deep, 
fix long, and three wide ; in this there dands a man bare- 
footed, with a trampling (hovel in his hand, to cad up the 
ore about an inch thick, upon a fquare board placed before 
him as high as his middle ; this is termed the buddU-bead ; 
and the man dexterouOy, with one edge of his (hovel, cuts 
and divides it longwife, in rtTpedl of himfelt, about half an 
inch afundcT, in theft little cuts ; the water coming gently 


from the edge of an upper plain board, carries away the 
filth and lighter pa?t of the prepared ore firll, and thm the 
metalline part immediately after . all falling down in the 
huddle, where, with his bare feet, he drokes it and fmooths 
it, that the water and other heterogeneous matter may the 
fooner pafs off from it. 

When the huddle by this means becomes full, the ore it 
taken our ; that at the head part, being the fined and pured, 
is taken out fcpnrate from the red, as from the launder. 
The red is again trampled in the fame buddlt ; but the 
head, or, as it is called the forehead, of this huddle, and 
of the launder, are mixed together, and carried to another 
huddle, and trampled as at fiid. The foreheads of this 
lad huddle, that is, that part of the ore which has fallen at 
the head, is carried to what they call a drawing huddle, 
whofe difference from the reft is only this, that it has no 
tyc, but only a plain doping board, on which it is once 
more waflicd with the trampling (hovel. Tin-ore, when it 
is taken from this, is called black tin, and tbit is found to 
be completely ready for the blowing-^houfe* Phil. Tranf« 
N® 6 q. Sec Drelpng 



Button 


iiUTTON, in its moll otdmary accrpiation, fi(rBifiw l 
WfP Knorn appendage to garments br conveniently faftenieg* 
tlicm together. 

Trifling as this article may appear to fome of our retdtrt 
to be in itfelf, there is certainly ro manufaftore which in. 
eludes fuch an infinite variety of operations as that of wc 
button-maker. Xh« number ot fubftances of which they 
are made ia almoli inconciivablc) and each rrquires a dinioft 


ftt of manipulations. Amongtt them are gold, filter, plated 
copper, white»metal, pinchbeck, Heel, japanned, tin, glaft» 
foil ftonea, mother of pearl, ivory, bone, horn, tortoife. 
fhell, jet, camiel coal, paper, leather, and a thottfand otberaj 
(f lufive of tbofe bottom which ronfift of a mould of wood 
or bonq covered with filk or mohair, and the mlnufaftult 
of whid beiongi to a different clab of anifani. It would 

very 
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very (ar rxeted tlit limits of a work like tke prefent if we 
were to enter into all the details of fo multifarious a bnfinefs 
as this : we fiiall therefore only trace a few outlines of the 
proccfTcs moil ordinarily in life. 

Of the tmmufa^ure of meial buttons. Thefe arc originally 
formed in two different ways ; the blanks are either pierced 
out of a large flieet of metal with a punch driven by a fly* 
prefsy or call in a pair of flafks of moderate (izcy containing 
lo or 12 do'/en each. In this latter cafe, the fhanks are 
previoufly fixed in the fand, exaclly in the centre of the im- 
prcflioti formed by each patteni, fo as to have their extremi* 
tics immerfed in the melted metal when poured into the 
flafk, by which means they are confequently firmly fixed 
in the button when cooled. See Foundery. The former 
procefs is generally ufed for yellow buttons, and the latter 
for thofc of white metal. 

We fliall firfl give an inflance of the former mode of pro* 
cedtire as ufed in the inanufa£lure of gilt buttons. The 
gtUling metal is an alloy of copper and zinc, coiitaiiiing a 
fmaller proportion of the latter than ordinary brafs, and is 
made either by fufmg together the copper and zinc, or by 
fufing brafs with the requifite additional proportion of cop- 
per. This metal is firil rolled into fhccts of the intended 
thicknefs of the button, and the blanks are then pierced out 
as before mentioned. The blanks thus formed, are, when 
intended for plain buttons, ufually planifhed by a fingle 
firoke of a plain die driven by the fame engine, the ny- 
prefs : when for ornamented buttons, the figure is frequently 
alfo ilruck in like manner by an appropriate die, though 
there arc others which arc omamented by hand. The (hanks, 
which are made with wonderful facility and expedition by 
meant of a very curious engine, are then temporarily attached 
to the bottom of each button by a wire clamp like a pair of 
fugar-tongs, and a fmall cj^uantity of folder and refin applied 
to each. They are in this (late expofed to heat on an iron 
plate containing about a grofs, till the folder runs, and the 
fliank becomes fixed to the button, after which, they are 
put fingly in a lathe, and their edges turned off fmoothly. 

The furface of the metal, which has become in a fmall 
degree oxidated by the adiion of the heat in foldering, is 
next to be cleaned, which, in this, as in a great vaiiety of 
other inflances in the maniifniflure of metallic ailicles, is cf- 
fe£lcd by the procefs of iUpplng or pickling ; that is, fume 
dozens of them are put into an earthen velfel pierced full of 
holes like a colander ; the whole dipped into a veflcl of di- 
luted nitric acid ; fuflered to drain for a few feconds ; again 
dipped fucceifively into four or five other veflels of pui-e wa- 
ter, and then dried. 

The next operation is the rough lurnj/bingf which is per- 
formed by fixing the buttons in the lathe, and applying a 
bumilher of hard black (lone from l>crby(hire : the minute 
pores occafioned by the fucceflive aflion of the heat and the 
acid arc thus clofed, and the fubfequent procefs of gilding 
eonfiderably improved, both with regard to economy and 
perfcAion. 

The firft flep towards the gilding of all the alloys of cop- 
per confifts in covering the Turface utiifonnly with a thin 
ftiatum of mercuiy, by which means the amalgam, which 
is afterwards applied, attaches itielf to it much more rea- 
dily than it would otherwife do. This put of the procefs 
IS cUled qmcimgf and is cfle6led by (Itrring the buttons 
obout witn a bruflt in a vcffel containing a quantity of nitric 
acid fuperfaturated with mercui^ ; whi^ Utter is, of courfe, 
by the ruperior eledive attradion of the copper for the acid, 
precipitated in its metallic ftate on the buttons, whofe fur- 
meet become aniformly and brQliantly covered with it. The 
mescuiy which hangs in loofe drops on the buttons is then 


(haken off by jerking the whole violently in a kind of earthen 
colander made for the purpofe ; and they are then ready for 
receiving the amalgam. 

The amalgam is made by beating a quantity of grain 
gold with mercury in an iron ladle, by which means the 
former is foon diffolved, and the whole is then poured into 
a vcflTcl of cold water. The fuperabundant mercury is 
ftrongly prefTcd out through a piece of ebamois leather, aiidl 
the remaining amalgam, which is of about the coulillcnce of 
butter, ia then fit For application. 

This is performed by (lirring the buttons, whofe furfacen 
arc already thinly covered, or wetted with mercury, in ait 
earthen veifel with the requifite proportion of amalgam and 
a fmall quantity of diluted nitric acid, by which means the 
amalgam alfo attaches itfelf to their fii: faces with a confider- 
able degree of equality. The neceffa^' quantity of goM it- 
about five grains to a grofs of buttons of an inch in dia- 
meter. 

The next procefs is the volatilifation of the mercury by 
heat, which is ufually called by the workmen drying off* 
This is performed by firft heating the buttons in an iron 
pan, fomewhat like a large fi*)ing pan till the ntnalgant 
with which they are covered becomes fluid, and fame difr 
pofed to run into drops, on which they are thrown into a 
large felt cap, called a gihiing cap^ made of coarfc wool and 
goat^s hair, and llirred about with a bruAi to equalize the 
covering of the furfacc by the gold. After this, they arc 
again heated, again thrown into the gilding cap and llirred, 
and thefe operations fucceifively repeated till the whole of 
the mercury is volatilifed. This part of the procefs, sis 
will readily be conceived, is extremely unwholcfome, and has 
the moft terrible effedls on the conftitution of the workmen, 
fo that it would be no fmall defideratum, (and it does not 
feem to be difficult), conveniently to eft*t6l this agitation and 
frielion of the heated buttons in a covered veflcl ; in which 
cafe alfo, though of inferior importance, the volatilifed mer- 
cury might be faved. For preventing the watte and injury 
attending this procefs, an apparatus refembling that deline- 
ated in Plate Mifcellany^ fig. i. has been partially and 
fuccefsfully adopted by Mr. Mark Sanders, an eminent but- 
ton-maker of Birmingham. 

“A hearth of the ufual height is to be eredlcd, in the 
middle of which a capacity for the fire is to be madt ; but 
inftead of permitting the fmokc to afeend into the top A, 
made of (beet or caft iron, tlirough which the mercury is 
volatilifed, a flue for that purpofe fliould be conduced back- 
wards to the chimney B. An iron plate, thick enough to 
contain heat fufficient to volatilife the mercury, is to cover 
the fire-place at the top of the hearth C. There mud be an 
aih-hole, D, under the fire-place. The fquarc fpace E, feen 
in the fire-place, is the flue, which fei ves to carry the fmokc 
back under the hearth into the chimney B. The door of 
the fire-place and a(h-pit may either be in front, as repre- 
fented in the plate, or at the end of the hearth at F, which, 
will perhaps lefs incommode the work people. It would 
be of great advantage if the fpacc between A and the iron 
plate C was covered up with a glafs window coming down 
fo low as only to leave fufficient room for moving the pan 
backwards and forwards with facility. If the (ides were 
alfo glafs inftead of brick-work it would be ftill better, as 
the work-people would be able to have a full view of their 
work without being expofed to the fumes of the meieuryi, 
which, when volaSifed by heat communicated to the pan 
by the heated iron plate^ over the fire-place, would afeend 
into the top appropriated for its reception, and defeend 
into the tub covered at top and filled pretty high with 
water. By this means the beaxm wouldi in become a 



BUTTON 


^ftilling apparatus for tondenHiig and recovering the volatU 
tifed mcrciin'* In the tub G the principal part would be 
recovered ; for, of what may ftill pafs on, a part would be 
condeufe-a in afeending the tube H, and fallback, while the 
remainder would be cffeftually ca\ight in the tub or cafk I, 
open at the top, and partly filled with water. The latter 
tub ^ould be on the outfide C)f the building, and the def- 
ernding branch of the tube H flionld go down into it at 
lead i8 inches, but not into the water. The chimney or 
the alh-pit (liould be furniflied with a damper to regulate the 
heat of the fire. 

The W'ater may be occafionally drawn out of the tubs by 
a fiphon, and the mercury clogged with heterogeneous inat- 
rer may be triturated in a piece of flannel till ic pafles 
through, or placed in a pan of fhcet iron, like a dripu^*' 
pan, in a fuflieicnt degree of heat, giving it a tolerable ii 
clination, fo that the mercury, as it gets warm, may run 
down and umte in the lower part of the pan. But the mer- 
cury w ill be nioft eib.<flually recovered by expofif'g the refi- 
duum left in the flannel bag to dillilkuion in a retort made 
of iron or of earthen ware. 

When the merenr)* is vt.lai’lifed from the buttons, or, as 
the workmen denominate it, when the buttons an: dryed off, 
they are finally butnifhed, and are then finiflitd and fit for 
carding. 

The reader unacquainted with ibis branch of manuf<!flnre 
will be fnrprifcd to learn how» far a fmaii quantity of gold, 
incorporated with mercury, will fpread ovci a fmooth furface 
of copper. Five grains, vvorth one flnlling and threepence, 
on the top of a grofs, that is, 1^4 buttons, each of one 
inch diameter, are fuflicicnt to excnle the manuLdlurcr from 
the penalty infli£led by an a£l of pailiament ; yet many, 
upon an afray arc found to be deficient of tins fmall quan- 
tiiy, and the maker fined and the buttons forfeited accord- 
ingly. Many hundred groffts have been tolerably gilt with 
half that quantity; fo extremely far can gold be fpread, 
w'hcn incorporated with mercury, over the furface of a 
fmooth piece of copper”. Philofoplucal Magazinci N® jj. 
p. 19, &c. 

The white m^tal buttons which arc compoCed of brafs 
alloyed with different propoitions of tin, after having been 
call as before mentioned, lire poliflied by tnruiiig them in a 
lathe, and applying fnccelTudy pie'ccs of buffalo Ikin glued 
on w'ood, (01 as the w^orlimen call them) charged with 
powdered grindilouc and oil, rotten Hone and crocui martis. 
They arc then nvhlte-hmUtU that is, boiled with a quantity 
of grain tin in a folution of crude red tartar, orargol, and 
lallTy, finifhed with a buff with finely prepared crocus. 

Glajt buttons, TUefe articles are alfu frequently wholly 
compofed of glafs of various colours in imitation of llic opal, 
lapis lazuli, and other ftoncs. The glafs is in this cafe kept 
in fufion, and the button nipped out of it w-hilfi in its plaf. 
tic ftate, by a pair of iron moulds, like thofc ufed for calling 
piftol (hot, adapted to the intended form of the button ; 
the workmen previoufly inferting the (hank into the mould 
fo tliat it may become imbedded in the glafs when cold. 

Mother of pearl buttons. This fubilance is alio frequently 
ufed in the manufadture of buttons ; in which cafe, the mode 
of fixing m the (hank is fomewhat ingenious. It is done by 
drilling a hole at the back which is undtr-cut, that is, lar- 
ger at the bottom than the top, like a inortifc, and the 
lhank being driven in by a fteady (liokc, iu extremity ex- 
pands on finking againlt the bottom of the hole, and it be- 
comes firmly rivetted into the button. To thefe, fuiMloncs 
ire alfo frequently added, in wlilch cafe, they arc ufually 
attached with ifinglafs^glar. Steel finds at*'.! iJfo often ri- 
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vetted into buttons of this a^ld various other kinds. See 
Foil-stones and Stvids. 

Shell buttons. This name is given to thofe buttons which 
confill of a back whicli is generally of bone without any 
fliank, but corded w’ith catgut, and covered in front with a 
thin plate of metal ftrnck with a die. They are uow% how»- 
ever, much Icfs in ufe than formerly. The backs arc cut 
out with a brace whofc bit is a circular fawr, like that of a 
furgeon’s trephine, and the four iiolcs through w^hich the 
catgut pafles art drilled by four drills moving parallel to 
each other, and adting at once. They arc then corded by 
children who tie the catgut on the infide ; the cavity is 
filled with melted rt fin, and the metal flic ll applied warm. 
The button it then pr/ fied between two centres in a lathe, 

' hich arc forced together by a weight adling on a lever, 
(an ingenious application of this engine fi\qutni^y made ufe 
of in this manufadtnre^, and the edge of the (hell turned 
down during its revolution with a fmall burniflicr. 

In the >car I/9C, a patent w^as granted to Mr. Heniy 
Clay of Birmingham for a new method of manufadtuiing 
buttons of flate, or flit Aone ; and in- 1800, Mr. Jofeph 
Barnett of the fame place obtained a patent for an improved 
mode of making buttons, by fixing two flunks, or other 
faftening, on one button, one on eaui fide, on the under fur* 
face, oppofile to each other, inllcad of only one in the 
centre. 

The praftice of wearing buttons corifiAing merely of a 
mould covered with the fame kind of cloth as the garment 
itfelf, being at prefent extremely general, it may perhaps 
be proper to remark, that this is prohibited on pain of pe- 
cuniary penalties, from qcs, to 5I. per dozen, by fevcral Aa- 
tiites wliich have been n»ade at different times for the pro- 
motion of this manufadturc ; and under which, fevcral con- 
vict ions have taken place within a few years. Thefe arc, 

10 W. 3. c. 2. 8 Ann. c. 6. 4 Geo. c. 7. and 7 Geo. 

c. I?. The importation of buttons is prohibited on pain of 
forfeiture, and penalty of lool. on the importer, and 50I. 
on the feller, by 13 & 14 C. II. c. 13. § z. and 4 W. Ill, 
c. 10. f 2. 

By 36 Geo. III. c. 60, any perfon putting falfc marks 011 
gilt buttons, erafing any marks except Inch as exprefs the 
real quality, or any other w'ords, except ox plated^ incurs 
the penalty of Airfeiting fiich buttons, and alio yl. for any 
quantity not exceeding 1 2 dozen ; and if above, after the 
rate of ll. for every 12 dozen. The penalty, however, 
does not extend to thofc who mark the w’ords double and 
treble ftlt, provided, in the cafe of double gilt buttons, gold 
fliall be equally fpread upon their upper furface, exclufively 
of the edges, in the proportion of 10 grains to the furface 
of a circle 1 2 inches in diameter ; and in that of treble gilt, 
the gold Aiall amount to 15 grams in the fame pr^ortion. 
The penalty on making falfc bills of parcels, expremng any 
other than the real quality of fuch buttons, is 20I. ; ana 
that on mixing buttons of different qualities, forfeiture of 
the fame, and 3I. for any number between one and 12 do« 
zen, and above this number, il. for every 12 dozen, lo 
order to afctitain what (ball be deemed gilt or plated but- 
tons, gilt buttons fliall have gold equally fpread upon the 
upper furface in the proportion of five gi*ain‘a*to the furface 
of a circle j 2 inches in diameter ; and plated buttons (hall 
have the fuperficics of the upper furface made of a plate of 
(liver fixed upon copper, or a mixture of it w’ith other me- 
tals, previoufly to iu being rolled into (heels or fillets. All 
pecuniary penalties may be recovered by a^Iion or fuit with- 
iti thiW calendar months, in the courts of Weilroinftcr; and 
one juliicc may, by warrant, canfc metal buitona liable to 
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forfeiture, to be fct'zed end kept in fafe cuftody, to be pro* 
duced *s evidence upon any adion, or csufe them to be 
dellroyed. Pecuniary penalticR may alfo be adjudged by 
two juftices in the place where the oflender reftdei, or the 
offence ia committed. This ad, however, doea not extend 


to buttons made of gold, filver, tin, pewter, lead, or mix- 
ture of tin and lead, or iron tinned, or of Bath or white 
metal, or any of tbeie metals inlaid with (leel, or buttons 
plated upon (hcllf. 



Calendar 


CALEMDJ’-il^ , a machine iilv^d, in the manuradorka, hir 
prefTinj^ certain Ihitt's, filks, callicota, and even linens ; to make 
them Imooth, even and It is a!fo uted for watering} 

or giving the waves to tabbies and mohairs. 

The word is formed frona the French cahindre^ or Spaniih 
cahndray which fignify the fame ; and which fomc deiive 
further from the Latin cylindrus ; becaufe the whole cfltd 
of the machine depends upon a cylinder. Borcl derives the 
name from that of a little bird, of the Iwallow kind ; on ac- 
count of the agreement between the feathers of the bird, and 
the impreflion of the machine. 

The calender cun fills of tw'O large wooden rollers, round 
which the pieces of Iluft* arc wound ; ihtfc arc put bn ween 
two large, clofe^ polifhed planks of wood, or plates of iron, 
the lower fcrvrng as a fixed bafe, and the upper inovcablct 
by means of a wheel like that of a crane; with a rope, 
faftened to a fpindle, which makes its axis: this upper 
part is of a prodigious weight, fometimes twenty or thirty 
tkoufand pounds. It is the weight of this part, together 
with its alternate motion, that gives the poliih, and makes 
the waves on the llulfs, by caufing the cylinders on which 
they arc put to roll with great force over the lowcft board. 
The rollers arc taken off, and put on agam by induing the 


machine. 

At Paria they have an extraordinary machine of this 
kind, called the royal caleudt’r, made by order of M. Colbert; 
the lower table or plnnk of which is made of a block of 
fmooth mnrhie, and the upper lined at bottom with a plate 
of poli;htd copper. 

This is cfilrd the great calender; they have alfo a fmall 
one with two tables of poliHicd iron or llicl. 

There are aifo calenders without wheels, which are 
wrought by a horfc harniffed to a wooden bar, which 
turns a large arbor placed upright ; at the top of which, on 
a kind t.f drum, is wound a rope, the two ends of which 
being faftened to the two extremitks ol the upp-r plank of 
the engine, give it motion. But the hoi ft calendar is in Ufa 
eileun th'Aii the wheel kind, as the motion of this latter it 
more equable and certain. 

We read of calendering worflcds. To improve linen far- 
ther, the drapers get lcver»l forts of their cloths calen- 
dered : whereby their threads are made to lie flatter and 
fmoolhcr. 

Caleindcr alfo denotes the workman who manges the 
machine above deferibed ; applying the cloth or ftuit under* 
ntath, after having flrfl wound it on the rollers. 



Camera 


Camera JEvVta. a contrivance for blowing the fire,, for 
the fufioii of orc''«, \vl’Iu/>’t bvllows ; by okh is of water 
falling through a iiito a clofc veflll, whicii fends fn/in 

it fo much air or vapour as cc iimudly blows the fi‘e: if 
there be the fpace of auothcr Vvlll'l lor it to expatiate ii. by 
the way, it llure Uts fall its Iiu ’idity, whivh otherwife 
might hind, r the won:. The contrivance wa.* named cauiaa 
JEfj'in by Kireher. Hook, Piiil. Cull. N”" 3* P* Sec 
Bellows, 

Camlra htciila^ a contrivance of Dr. Hook for making 
tbe imago of any thing appear on a wall in a light room, ei- 
ther by day or night. Oppofite to the place or wall wlicre 
the appearance is to be, rn^ke a l ole of at lea II a foot in di- 
ameter, or if thire bca ! igh window with a cafement of this 
dimenih;-'. in it, this will do mu .h better without fuch hole, 
orcaCa.tnt opened. At a ci)i'vt.r.iciu dillance, to prevent 
its being perceived by the company in the room, place the 
objcdl or picture intended to be rep re fen ted, but in an in- 
verted fitimtion. If tlic p’ldiirc be tranfparcnt, reflect the 
fun's rays by means of a looking glafs, fo as that they may 
pafs tlirough it towards the place of reprcfcntaiion ; and to 
prevent any raya from pafTing afide it, let the pidiirc be en- 
compafied with fiine board or cloth. If the objcdl be a lla- 
ti:c, or a living ciciUnre, it mnil be much enlightened by 
calling t;ie fun’s rays on it, cither by rtflcdion, refraftion, 
or both. Between this objed and the place of reprefenta- 
tion put a broad convex glafs, ground to fuch a convexity, 
as that it may repreftnt the objed diftindly in fuch place. 
The nearer this is fituate to the objed, the more will the 
image be magnified on the w'al*, and the further the I.fs; 
fuch diverfity di pending on the diflcrence of the fphercB of 
the glafTcs. If the obied cannot be conveniently inverted, 


li.^.rc I'.ii.l be two hu'n^. gh-hl, ni pumper ipl.^rca, iitiK.tc at 
fuitablc didaacc^, cafily foimci by liial, to make tlu rcpic- 
leutations eixd. Thi. v. hob: p ir^lus of objtd, glafi’cs, 

o:c. with the piifo is employed m the muriagemcnt of them, 
arc to be placed withoia lac window or hole, fo that they 
may not%e p icci'cd by the fpcdat%)rs in the room, and the 
operatu)'.! itfelf will betufily i ei formed. Phil. Tranf, N' jb, 
p. 74 ^‘‘’ 4 * 

Camera Orfaiva^ orD.’.RK Ciiamrer, in Optics a ma- 
chine or apparatus fo conllructid, that principally by ir.taus 
of a coMv_x g)ar«, <*r a convjx glafs and plane minor, tbe 
images 1 1 extert al objed s arc r:prefented on a ro' gh ground 
plane glafs, while paper, white wrdi, or gMum* furf.ice, in the 
moll \ivid and diiLind niu!'.L;r, wilh all their natnral mo- 
tions, colours, diades, &c. Ti.e firfl invention of the camera 
obfe* ira has been aferibed to Baptilla Porta. — See his Mag’a 
j*Ttura!is, lib. xvib cap. 6 . firil publiihcd at Franklort 
about the year i or ij9i. The firic four books .of this 
work were publiihcd at Antwerp in But Dr. Freind, 

in his ‘‘ Hitloiy of Phyfic,” (vol. ii. p. 236 ) obferves,. 
th It friar Bacon, w ho flouiifne'^ in the beginning of the i jth 
century, deferibes l]>e cnrACrn and nil forts of glaiTes, 

w'iiich magnify or diminilb any objed, bring it nearer to 
the c)c, or remove it fruther (df. Sec alfo Bac n*s ‘‘ Opus 
Majus” by Dr. Jebb, p. 2;6 ; and ids Epiftlc ad Parili- 
cnic n,** and his <* Pcifpcdivt*' cited by Dr. Plott in his 

Hiftovy of Oxfortlfiiirc,” p. r from which we may 
conclude, that he had a very accun’e and exten five acquaint- 
ance wuth th.. properties of Vf»i. ui kind*; of glaflea. 

Camera Ohfeura^ the uft uf ilcy is ii'a..ifoid ; it afilfts very 
much in explaining the nature and rationale cf vifion, and 

hence 
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hence by foinc It baa been compared to the artificial eye. It 
exhibits the moft ftriking and entertaining reprefentations of 
•bje^^s of all deferiptions, whether near or diftant, in their 
true perfpe^tive, the colouring jua and natural, their light 
and fliadows corrcdl, and all their motions and relative pofi- 
tions according to the original. By means of this inftru- 
ment, a perfon however unacquainted with drawing, may 
delineate objefts with great facility and correftntfs ; and to 
the ficilful artift it will be found indifpcnfably iifcful in com- 
paring bis flcetches with the perfeft reprefentations given in 
the camera, and by obferving his defeftive imitations, he may 
CorrcA, as much as poflible, his dcfigns. To the delineations 
of that beautiful reprefentation called the Panorama^ this 
Rillrument has provea of effential ufe. 

Camera (Ufeura, the theory of the, is contained in the fol- 
lowing propofition. 

If an external objcA, as A, Plate III. Optics, i, radiates 
its light through a finall apeiture C, in a fiiuttcr of a per- 
frftly darkened room upon a white, paper or painted fcrcen 
oppolite to it, an image of the obje^ will be dt pided on 
the fcrcen in an inverted pofition. For the aperture C be- 
ing fuppofed very fmall, the rays ifTuing from the point 1) 
will fall on h : thofe from the points A and D will fall on a 
and el; wherefore, fince the rays ifruing from die feveral 
points arc not blended, they will, by reftedion, exhibit its 
appearance on the fcrecn. But fince tliefe rays, A C and 
B C, interfed each other in the aperture, and the rays from 
the low^eft points fall on the higheft, the fituation of the 
objed will neccffarily be inverted. Hence, fince the anj>les 
at D and and the vertical ones are equal at C, B and 
and A and will be alfo equal ; confcoucntly, if the fereen 
where the objed is delineated be parallel to it, ah : A B;: 
dCiDC. 


the focus be very long, from 20 to jo feet, the fame light 
being more dilated or Tpread over a large furface, the images 
will appear fomewhat obfctire, and the colouring fainter. 
The images will be dill brighter if the fpedator Srft ftay a 
quarter 0? an hour in the dark* 

This is the moft perfed method of obtaining a reprefenta- 
tion of objeds, from having but one refrading medium, hut 
in fome cafts the inverted pofition of the images may he 
fome objedion ; to obviate which, the following methods 
may be ufed to make the pidure ered. Hold a true ground 
plain mirror flantwiCc againft your breaft, under an acute 
angle, and looking therein, you will fee all the images ir- 
ftored to their natural and ered pofition, and with an addi- 
ti(m of luftre that they will receive from the refledion of the 
mirror. Or, which is a better way, and does not require 
a mirror near fo large, place a mirror above and rather near 
the lens, fo as to rened the rays down upop a white furface, 
a fcrcen dircdly under, or parallel to the mirror. Or, m 
large concave mirror may be placed before the pidure, at 
fuch a diftance that the image of the pidure may appear be- 
fore the mirror, which will then be ered, and appear pen- 
dant in the air. Another method, which is more dired, is bjr 
placing another convex lens in a partition behind the paper or 
ferten, with the image at twice the focal diftance of the faid 
lens, the axes of the two Icnfcs coinciding, in which cafe ano- 
ther picture of the images will be formed but ered, as large 
as the firll, but not fo bright, and with a contraded 
field or extent of the pidure. Or, two lenfes of ftiort foci 
ill draw-out tubes, may be applied to the hole in the (butter 
inftcad of one, which will alfo produce an ered pofition of the 
images, but the light will be Icfs, the extent very limited, 
and ferve only for the reprefentation of bufts, fmall figures, 
&c. as hereafter to be deferibed. This method is but of 


That is, the height of the image will be to the height of 
the objed, as the diftance of the image from the aperture is 
to the diftance of the objed from the fame. This proves, 
therefore, that the inverfion of the objed is not owing to any 
lens that may be ufed in a camera obfeura. In this manner, 
the figures of the image are very faint and Confufed, 
for want of a due degree of light, and its proper refrac- 
tions. 

Camera Ohfeura^ conflrualon of whereon the images of 
cxtcnial objeds arc ditlindly reprefenttd in their genuine 
colours, light and ftiade, &c. and cither iu an «rcd or in- 
verted pofition. 

1. Darken, in the moft perfed manner poflible, a room or 
chamber ; in the ihuttcr of one of the windows that faces the 
objed to be reprefented, cut a fmall circular aperture, fee 
fig, I. C. 

2. In this aperture fix cither a double or plain convex lens; 
if the latter, with the convex fide next the objed. Its focus 
may be of any length between 3 and 6 feet. 

3. At a proper diftance, to be determined by experiment, 
or about the focal diftance of the lens, place perpendicularly 
a large furface of white paper or cloth, and on this the 
images of the external objeds dircdly before the lens will be 
beautifully delineated, but in an inverted pofition. The pa- 
per or cloth fhould be moveable, fo that the exad diftance 
®f the focus of the lens may be obtained, or the images will 
aot be Ihewn with their utmoft diftindnefs. Thofe objeds 
alfo fliould be fclcdcd that are in the ftrongeft light, or il- 
laminated by the fun’s rays. In northern latitudes at noon- 
day, a window oppofite the north is beft ; in the morning, 
faang the weft, and in the evening facing the eaft. In 
Ibuthem latitudes a window facing the fouth is beft at noon. 
The flioitcr the focus the fmaller and brighter the images 
will appear ; and the longer, the larger the objcai } but if 


little ufe and feldom pradifed. 

The following delcription of cameras obfeuras has been 
communicated to us by Mr. William Jones, optician, HoU 
born, as being the moft commodious and perfed, and what 
have been preferred, and arc in general ufe, by the moft flcilS 
ful arttfts : — 

Fig. 2, reprefents the fcioptic ball, which is mndc of ma- 
hogany, and confifts of three parts, a frame, n ball, and a 
lens. The frame confifts of two pieces in a circular ferew rim, 
fitted one to the other, and both fo excavated as to admit, 
and keep fteady a fpherical ball perforated, which is voluble 
in its frame more or lefs eafily, as the parts of the frame arc 
Icfs or more ferewed together. At each end the hole in this 
ball is a ferew cell for containing a lens ; thcTe lenfes arc of 
different focal lengths, and only one is to be uftd at a time, 
when the images are to be formed. The frame of this feU 
optic ball is to be ferewed faft to thewindowfhuttcrorwindow 
board of a well-darkened room, before a hole previoufly mtide 
therein. There are two brafs nuts and ferews, a, by fitted 
to the frame for that purpofc 5 the ruts arc ferewed to the 
fhutter or board, fo that by means of the ferews the fcioptic 
ball may be the more readily attatched to, or detached from, 
the fhuttcr.This apparatus is very convenient, when experiments 
by a variety of lenfes may be defired. ^$fig» 2, reprefents 
the pofition of a mirror when applied for rcflctling down- 
wards the images in order to obtain the ered pofitions ; if the 
frame be made to turn on an hinge, it will be she more ufe- 
ful to dired the image to an oblique fcrecn, or table, as may 
be required. Fig. i. reprefents a darkened room with a lens 
attached to the fide or (butter, or where the (cioptic ball is 
to be placed. E reprefents the moveable white paper 
fereen that receives the images of the objeds formed by 
the lenfes, and is moveable to the diftance 01 the focal lea^h 
of the glaib* A B Ihcwe the manner in which the bu ft| 
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tuv', or pl£\nre, may be fixed on a fupport on the outfide of 
the windo w, lb that an image may be formed upon the pa- 
per within, from which the artill is to copy or delineate. For 
fuch proximate objects the focus of the lens mull be flioit, 
from 9 to 12 inches, or the fereen will be required to be at 
too remote a diilance from the lens. When the diHance of 
the objedl and the image are the fame from the kns, the 
image will be of the fame fize as the object. When the object 
approaches nearer, the image will recede and enlarge, and 
nerfd, 

*ro exhibit Sohr Phenomena hy means of the Schptk Ball and 
Socket* 

The fcioptic ball affords a very convenient method of 
forming an image of the fun in the darkened room. If a 
lens 10 or I 2 feet focus be placed on it, and a vhitc paper 
fereen placed at its fiicus, in a perpendicular pofition to the 
rays, a dill in A image of the liiu will be formed, about one 
inch diameter, on which will be conrpicuoully exhibited 
all the fpots or folar maculae. At the lime of a folar cclipfc, 
the wliole progreis of the moon, from the time of the lirll 
contad of tlic limbs to the lall, may, in this way, be ob- 
fervrd very dillindlly. But the bell method is by conne^lihg 
iidraw.ouL telefcope, witli the ball of the focket, 2. by 
ferew'ing the end with the objert glal’s to it, and taking out 
all tlie eye glnffes at the other end, except the one next to 
the eye, then moving inwards the firll tube till the image of 
the fun appear diilinCl ; and you will have a bright image from 
12 to 20 inches diameter, according to the diilance of the 
■fereen, which will, to any number of fpe^lators, exhibit the 
folar phenomena intended to he viewed. 

Conjlrudlon of a Chamber Camera Gbfura. 

The foregoing is the readiell and moll fimple method of 
converting a room into a camera obfeura, but it is attended 
with thek objcAions, that it only ferves for obic6ls dire£lly 
facing the lens, and occafions alw'ays the trouble of darken- 
ing the room, fixing and adiiilling the apparatus, &c. Fig. 3. 
reprefents a roof (haded like a dome or cupola, placed over 
a building, profped-room, or temporary room creded for 
the purpofe of a camera obfeura, and in this way affords the 
inofl ready and advantageous plan for all furroiinding obje^s. 
The whole dome A B may be made to turn round on fric- 
cion wheels, in a groove made in the roof for that purpofe, 
and to carry round with it the glaffes in the box C above, or 
which, in fome cafes, is a more manageable way, the box 
with the glaffes is made moveable in a groove round upon the 
dome, and is turned by means of a long rod by a perfon 
vHthin. The manner of fabricating fuch a dome and box 
will be evident to any good joiner by a mere infpedliou of the 
figure. The mahogany box C is of a cubical form about 
6 or 7 inches in the length of a fide ; a true ground mirror in a 
frame is placed diagonally in the box, and is moveable fome- 
what on an axis at its lower edge upwards and downwards, 
to refle£i the rays from objects at various diilances ; under- 
neath this mirror, in a round cell, at the bottom of the box, 
is fixed a double convex kns, about 6 or 8 feet focus, and 
4 or inches in diameter : this kns will form upon a white 
table D, placed on the floor below, the images of the ob- 
je£lsrefleaed by the miiror above, at the focal diilance of the 
lens. The diameter of this table (hould be 2^ or j feet, ex- 
cavated on its furface to a fmall degree of concavity, or from 
a radius about the focus of the kns, in order, that the in- 
equality of the diflance of its furface from the centre of the 
lens, prefenttng the images indiilindl at the circumference* 
when they are clear in the middle, may be obviated. The fur- 
Ace mull be painted perfeftly white, or, which is better, cover- 
ed with a thin coating of plafter or llucco. The pillar of the 
table Auould be made with aicrew working in a female one out 


in tire pedcftal, fo that by turning round tlic table and ferew 
its furface may either be elevated or deprefied, as may be ne- 
cclTary, to admit of the cleared and bed defined piflure of the 
images poflible. To pcrfoiis having dwellings upon elevated 
lituations commanding extenfive proipeds over countries, 
rivwM s, the fea, &c. a machine of this kind condruded over 
it will aflbrd more delight and entertainment, as well as ufe 
to an artill, tlian any perfon would imagine, who had not 
prcvioull) been a wutnels to fuch an cfFcd. 'Fo thole who may 
not wiiTi to be at the expence of a dome, Mr. Jones recom- 
mends the box fitted to a wooden pyraniidical trunk, (fee 
Jfg. 4,) which trunk can be fixed on the ridge of tlic roof of 
a houle or chamber, by a common carpenter, and a flat 
Hiding cover to Aide on at A, to cover the trunk when the 
box ot glades B is taken away after ufe. The camera boxes, 
with the glades compkte, and read) for fixing, are made by 
Melfrs. Jones, of I L lborn, and ether Opticians. Metallic mir- 
rors have been uftd indcad of glafs ones for cameras ; they 
rc(k6l more light, and confequcnlly (hew the images brighter, 
but their liability to tai nidi and corrode is an infurinount- 
ahle objcclion to their general ufe. 

Cam IRAS Obfitrasi corjirutlion of portable. The glaffes of 
a camera obfeura are fjvqiienlly fitted to a portable machine 
(hutting np in the form of aclicll, or hook, io as to be port- 
able, and ealily traiifportcd from place to place, and carried 
about by the aitiil. 'I'he apparatus within is contrived 
to fold outwards, and form a machine as reprefenttd at 
fg. 5, and it is contrived upon the moll convenient plan of any 
hitherto conllrudlcd. It is reprefented as placed together 
for ule. The lid front A, and the Aides, one fhew'n at B, 
by means of hinges turn up to the height of about two feet 
from the cafe C P E, and are faileued together by fmall 
brafs hooks. The head and Aiding box, with glades F, alfo 
faflen on by hooks within. The kns of about inches 
focus is placed under the true parallel glafs mirror, and forma 
the images on a white Aieet of paper, placed in the bottom 
of the cheil. To view the images the face is applied clofe 
to a piece under A for that purpofe, and to trace the out- 
line, or copy them, the arm at the fame time is applied in 
the cloth Aeeve under H. The box F Aides on a fquare 
tube, and by means of a brafs rack and pinion O the lens is 
adjulted, while the images are viewing, to its proper focal 
didance from the white paper below. The images formed 
on the paper have a correct and natural refemblancc to the 
original objc6ls ; no iiiverfion takes place, and even names and 
letters on objetts arc in their diredl order. This camera 
is converted into an inllrumeiit for magnifying perfptCtive 
prints and draw'ines, and forms tlie bell puinble apparatus for 
that purpofe. 1 ne head F G and tube arc to be entirely re- 
moved, as well as tlie front A, and cloth C D, and another 
head with a diagonally-placed mirror and large convex kns, 
Jtg. 6, fubdituted, and alio hooked on, Tiie prints are to 
be placed at the bottom of the cheil, and as the camera ci ft 
is open, the print will be illuiniiicd eiihcr by day light or 
candle light, as required. The print is viewed by rcfiedlion 
in an horizontal dirc£lion, by the eyes being placed belorc the 
large convex lens. When the Tides and front are unhooked 
and folded down into the cheil, they all lie ciofc, and admit 
the head to lie under them ; and the dimenfions of the ciicll, 
when thus fliut up, do not exceed 2 feet in length, 20 
inches in breadth, and inches in depth. 

The moll portable kind of Camera obfeura is that repre- 
fented at fg. 7, and is that moll frequently ufed among 
artifls, 00 account of its convenient dimculioua. The images 
are refledled on a tx>ugh giound plane glafs, and arc more 
vivid than thofe formed on paper, by the Camera above de- 
feribed. It is made of mahogany, and of various dimculums, 
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fomc To fmall ns to be canit j in ihe pocket. The lens at* 
the front A is fixed in ihc cell, in llie from of a fqnarc tiraw- 
ont ti’be, and is of a focus ccjimI to t!'c of the box 

whj n tils' draw ci is half drawn out; and a plain mirror h pluccJ 
clingonally at the angle oi at the end ol the box, as 
(hewn by tltc dotted line <'///, which lill.d-is the tranf- 
iiiitted by the lens up to the iipiv r fde c! the plane leugh- 
ground ginfs, the rough fide pl .et d al'ove, uudci the folding 
darltening cover, and there ionviing the images of tlie oh- 
jeds before the Itu;. at A : the iiiV oi the draw is lo adjufl 
the proper dillancc oi the Kns from th* ndrror, according to 
the variable dillauces of proximate objeOtr, The images on 
the rough glafs cxl’ibit a beautiful pcrfp.divc jiidau, alfo 
the profdc of a peifon feaud in a room in a Orong ligl.t be- 
fore the camerai aud more particularly if the inn hlnimue the 
objeft ; and may be readily traced on the rough fmface (»f the 
glals by a blaci; lead pencil, oi by what is pu-fuablL, nd 
French chalk, and then white papci Ivhig gently placcvl on 
the glafs, the lines will belaken cjnedl) off. If very thin 
white papei if. merely placed upon the gkifs, the images may 
be difcv.riied, though faintly, fuffieimt to aflorJ the means 
of tracing corredlly. The nearer the object or ieaturcs aie 
to theeaniera the larger will be the image, and anadilitional 
lens of a fliorter locus is lonictiines filled to be fiibilituled 
the olber, when the images ol very near cbjccl'i aic 
wxuilt J. Some ariiiUwho take piofiles take out the ]i)wgh 
gkifs fiom iu cell, inseit the camera, and bv a ILind Inp- 
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port it about lo nr 12 inches above the white paper on the 
table. The image will then inveitedly be formed on the paper, 
and they trace it with a pencil in acorred manner, and with 
Icfs trouble than by the other method. Mt firs. Jones, of 
Holborn, make an improved ranura of this kind, by joining 
the fide of the camera and diawei in the middle with caii\« s 
cloth, as flicwn at the lines 13 G; the back C turn; inward 
with the mirror, clofe uj) to the rough glals, and the fiont 
E V above, over the top, fo that the w lude camera may fold 
down into a flat foim, and go into a very portable flat 
leather llrnp cafe, making it the moll pot table pofiible for 
pcrlons travelling. liKlnii\e ot the rough glafs has fome- 
limes been placed a double coiivtx lens to nlieve the images, 
and from more light being thus rcfracled, the images are 
(hewn with great beauty and extraordinary biightncfs, even 
furpafling the original. They are alfo mote vivid when tlie 
rough glafs is placed over this lens, though the contours, or 
outlines, are not fo (liarp or dillinft ns when the rough glafs 
is ufed only by itfclf. This improvement was affiimed fome 
years ago, by a p^rfoii of the name of »Stoicr, ns a difeovery, 
and called a ikhuuitor^ but ivithout the Icnll pretenfions, it 
being ptevionfly well known by the moll eminent opticians, 
and it was, in the year j 758, uotietd by Mr, Hooptr, in lii<* 
Rational Recreations, vol. ii. p. 20. Gnyot's Ricrcations 
Ph)ficjiic8, tom.ii. recr. art. 2. Mr. Ilarria, inliis “ Op- 
tics/* b.ii. f 4. hasdeferibed a vaiiety of contrivancci for con- 
verting the portable camera into a fiitw box for viewing prints. 
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CANAL, Canalis^ in general, denotes a long, round, 
hollow indrument, through which a fluid matter may be 
conveyed* 

III which fenfe, it amounts to tlic fame with what we 
otherwife ( all a pipe, tube, channel, &c. Thus the cnnnl of 
an aquedufl, is the part through which the water palTcs ; 
which, in the ancient edifices of this kind, is lined with a 
coat of madic of a peculiar compofitiun. 

Canal, a duft or pipe (as its derivation from the Latin 
Can£i a cane, or reed, feems to imply), in which fenfe it is 
nfed by anatomifls in deferibing the pafTngc through which 
fomc of the miimal fluids pnfs : the term Canal has aifo been 
appHed to denote any piece of water, efpccially if of a con- 
fiderable length in proportion to its width, and efpecially 
fiich as are itagnant, or have not the fall and natuial motion 
which rivers have. Canals may be either for pleafure or or- 
nament, fuch as are common in the vicinity of palaces and 
great houfes ; or applied to the purpofes of inland navigation. 
I'lie artificial carriages for conveying ftreams of water for 
the fupply of cities or other purpoles, as was done by the 
famous aquedufts of antiquity, and in modem times by the 
new rivers near London, and others, have fometimes alfo 
been called Canals. 

The importance and utility of canals have been fo long 
Aud ib g€m.rall]r acknowledged, that it is hardly ncceffary 
to introduce the fubjeft with any obfervationi to this pur* 
pofe. Few perfoos have more attentively confidered or better 
urderflood the political and commercial interefti of nationi 
than the late Dr. Smith ; and no one could be a more zea* 
lous advocate for the cxtenfion of inland navigation, as an 
effedual means of improving the country, in which it is 
encouraged. I'o this purpnfe he obferves, in his “ Wealth 
of Nations’’ (vol. i. p. 229.}, that good roads, canals, and 
navigable rivers, by diminiming the txpunce of carriage, 

i }Ut the remote parts of the country more nearly upon a 
evel with thofe in the neighbourhood of large towns 
and on that account they are the greatell of all improve* 
ments. Ther encourage the cultivation of the remote partH 
which muft always be the moil extenfive circle of the coun* 
try. They are advantageous to towns, by breaking down 
the monopoly of the country in its neighbourhood ; and 
they arc advantageous to all parts of the country; for 
though they intr^ucc fome rival commodities into the 
old markets, they open many new markets to its produce^ 
It is not more than 50 years ago,” fays be in 1776^ 
when the 6rft edition of liis work was printed, that lome^ 


of the countries in the neighbourhood of London, peti- 
tioned the parliament againll the extenfion of the turn* 
pike roads into the remoter counties. Thofe remoter coun- 
ties, they pretended, from the cheapnefs of labour, would 
be able to fell their grafs and corn cheaper in the London 
market than thcmfcives, and would thereby reduce their 
rents, and ruin their cultivation. Their rents, however, 
have tifen, and their cultivation has been improved fmee 
that time.” “ All canals,” fays an intelligent writer on 
this fubjeft (See Phillips’s General Hiflory of Inland 
Navigation, Introd.), “ may be confidered as fo many 
roads of a certain kind, on which one horfe will draw as 
much as .'^o liorfes on ordinary turnpike roads, or on 
which one man alone will iranfpott as many goods as 
three men ; and 18 horfes ufiiall/ do on common roads. 
The pubbe would be great gainers w’erc they to lay out 
upon the making of every mile of a canal twenty times 
as much as they expend upon a mile of turnpike road ; 
but a mile of canal is often made at a lefs expence than 
the mile of turnpike ; confequtntly there is a great induce- 
ment to multiply the number of canals.” 

The advantages refulting from canals, as they open an 
eafy and cheap communication between diftant parts of a 
country, will be ultimately experienced by perfons of van* 
0U8 deferiptions : and more cfpccially by the manufaAurer, 
the occupier or owner of land, and the merchant* Tlic ma* 
nufa£turer will thus be enabled to colle£l his materials, his 
fuel, and the means of fubfillence, from nmote dillriftsi. 
vvitli lefs labour and expence ; and to convey his goods to a 
profitable market. As canals multiply, old manufaftures 
revive arKl flourifli, new ones are ciLibliflied, and the adjoining 
country is rendered populous and produdlive. To the occu- 
pier of land, canals arc ufeful in a variety of ways. In feme 
cafes, tbey ferve the purpofes of draining and of irrigation ; 
in otliers, they fiirnilh manure at a cheap rate ; and tbey 
facilitate the conve>ance of the produce to places where it 
may be difpofed of to the greateft advantage. The land- 
owner muft of courfe be benefited, by the iucrcafing value 
and advanced rent of iiis eftate, in confequcncc of the im* 
prove ment it receives from the induftry of the occupier, cx* 
cited and encouraged by an immediate recompcucc. The 
wholefule trader and merchant are likewife enabled to extend 
their commerce by means of canals ; as they can thus export 
greater quantities and varieties of goods from places remote 
from the fea, and eafily fupply a wider extent of inland 
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country with the commodities that are imported from fo« 
reign nations. Nor are they merely the means of extending 
and incrcafing foreign commerce^ but they ferve alfo to 
create and augment an internal trade, which, with all the 
advantages attendant on foreign commerce, may probably 
far exceed it In extent, value, and importance. We might 
add, that an inland communication between parts of a coun* 
try, at a great di (lance from one another, contribute to the 
fecurity, as well as to the cxtcnGon of commerce, in the 
boifterous months of winter, and in times of war, when the 
navigation of the feas would be attended with danger. 
•* Were we to make the fuppofitlon of two Hates,” lays 
Mr. Phillips (ubi fupra), the one having all its cities, 
towns, and villages upon navigable rivers and canals tliat 
have an eafy communication with each other ; the other pof* 
feifing the common conveyance of land-carriage ; and fuppof- 
ing, at the fame time, both dates to he equal as to foil, 
climate, and induHry ; commodities and mantifa^lures^ in 
the former ftate, might be exported 30 fer rent, cheaper 
than in the latter ; or, in other words, tlic firft date would 
be a third richer and more affluent than the fecond.” Should 
it be ohjeded, that luivigahle canals wade or occupy too 
great a portion of land in the countries through which they 
pafs, the 6hie£iion may be obviated by the confidcration, 
that one mile of a canal, 14 yards wide, takes up little 
more than ^Bve acres of land. 

If we advert to fa£l, and confult the records of hidory 
with regard to the date of different nations, we (hall find, 
that civilixation and commerce have very much depended on 
the facility with which the inhabitants of remote ditlridts 
have maintained intercourfe with one another, as well as 
with didant countries. As the ocean ferves to connefl dif- 
tant countries, navigable rivers and canals unite the different 
provinces and didriSs of the fame country ; and as naviga- 
tion, by means of the ocean, produces an intercourfe and 
mutual exchange of produdlions between different kingdoms, 
inland navigation, in like manner, facilitates a communica- 
tion between different parts of the feme kingdom, Imd con- 
fequently promotes trade and indudry. In North America, 
the plantations have condantly followed cither the fea-coad 
or the banks of the navigable rivers, and have fcarcely any 
where extended thcmfclves to any conddcrahle di^ance from 
the one or the other. The nations that appear t0 h»ve been 
firft civilized, were thofc that dwelt round the coaft of the 
Mediterranean fca, w^hich, from a variety of drcumftanccs, 
was extremely favourable to the early navigation of the 
world. Of all the countries on the coaft of the Mediterra- 
nean, Egypt feems to have been the firft, in which cither 
agriculture or manufe^lures were cultivated and improved to 
any confiderahle degree. Upper Egypt extends itfclf no- 
where above a few miles from the Nile, and in Lower Egypt 
that great river breaks itfclf into many different canals, 
which, aided by a fmall degree of art, feem to have afforded 
a communication by water-carriage, not only between all 
the large towns, but between all the confiderahle villages, 
and even to many farm-houfes in the country ; nearly in the 
feme manner as the Rhine and the Macfc do in Holland at 
prefent. The extent or facility of this inland navigation 
was probably one of the principal caufes of the early im- 
provement or Egypt. The improvement in agriculture and 
imnu&Aures feems likewife to nave been of very great anti- 
quity in the provinces of Bengal in the Eaft In^es, and m 
feme of the eaftem provinces of China. In Bengal, the 
Ganges and fevend other large rivers form a great number of 
navigable canals, in the feme manner as the Nile does 
in Egypt. The cafe is the feme in the eaftem provinces 


of China, where fevcral large rivers form, by their different 
branches, a multitude of canals, and by communicating with 
one another afford an inland navigation much more cxtenfive 
than that cither of the Nile or tlic Ganges, or perhaps of 
both of them united. It is remarkable, however, that nei- 
ther the ancient Egyptians, nor the Indians, nor the Chi- 
nefe, encouraged foreign eommeirc ; but they all feem to 
have derived their extraordinaty optilence from this inland 
navigation. On the other hand, thofe nations that have 
been deftitiite of the means of inland navigation, till tr by 
rivers or canals, have remained from one age to the other in 
the fame barbarous and unciviliztd date, ^i'his obfet vatioti 
is exemplified in the date of.al! the inland parts of Africa, 
SMv,l of that part of Ada which lies at any tonhdcrable dif- 
taiice noith of the Euxinc and Cafp^ui fea, the ancient Scy- 
thia, and the modern Tartary and Siberia. The commerce 
that may be carried on by means of a river, which does not 
break iifelf into any great number of branches or canals, 
and which runs into another ttniiory before it readies the 
fea, can never be vei*y confiderahle ; beeaufe it is always in 
the power of the nation who pofTefres that other territory to 
ohftrudl the communication between the upper country and 
the fea. Thus the navigation of the Danube isof very little ufc 
to the different dates of Bavaria, Anilria, and Hungary, in 
comparifon of what it would be if any of them poffeffed the 
whole of its courfe till it falls into the Black Sea. To thefc 
general obfervations, we (hall fuhjoin a brief account of the 
principal canals that have been formed among the nations of 
•intiquity, and among foreign nations in later times ; rc- 
ferving the principal part of this article for an enumrratiou 
of the canals of our own country, and for an illuftiation of 
the principles on which they are conIlru6led, the regulations 
to which they are fuhjedl, and the various ufes to which 
they arc applied. 

In the hidory of ancient nations wc difeover vat ious traces 
of canals, formed for military, agricultural, commercial, or 
other purpofes. The “ fbfliones Philidinae*' of Pliny (I. iii, 
c. 16.), which were large canals at the mouth of the Eri- 
danus in Liguria, arc aferibed by Mr. Bryant to the Ca- 
naanites, and particularly to the Cnphtorim, wha at a remote 
period migrated from Philidim ; and hence thefe outlets of 
the river were named •• Pliilidinse.” We learn from Hero- 
dotus ( 1 . i. c. 174.) that the Cnidians, a people of Caria in 
Ada Minor, formed a defign of digging a channel through 
the idhmus which joined their territory to the continent ; 
but they relinquidicd the undertaking, beeaufe they were 
interdicted by an oracle. Strabo informs us ( 1 . ix. p.406, 
&c.}. that canals and pits were dug in Bmotia, at a very re- 
mote period of antiquity, for drawing off the water of the 
lake Copals, which would otherwife have overflowed the 
whole countr)% This lake near the fca terminates in three 
bays, which advance to the foot of mount Ptous, fituate be- 
tween the fea and the lake. From the bottom of each of 
thefe bays numerous canals were made to diverge and tra- 
verfe the mountain through its whole breadth, feme of 
which were more than a league in length, and others of a 
much greater extent. For the purpofe of excavating or 
of cleanfing them, VC17 deep wells bad been funk at dated 
diftances on the mountain. The labour of form.^ng and the 
expence of maintaining thefe canals muft have been immcnfe. 
They have dnee been aimed wholly negle£led, fo that moil 
of them arc choaked up, and the lake feems to be gaining on 
the plain. The inhabitants of Babylonia or Chaldssa guarded 
againft ithe detrimental inundations of the Tigris and Eu- 
phrates by a great number of anidcial rivers and canals, 
which ferved to diftribute waters, to benefit the country 
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in general, and to an eafy communication and inter- ciua Verus wlio commanded the Roman army in Gaul under 
courfe between the occupiers of different parts of the country. Nero, attempted to make a canal between the Mofelle and 
The Euphrates, according to Ptolemy ( 1 . v. c. 17.), above the Rhine. Corbulo under Claudius employed his foldiers 
Baliylon, near a town in Mefopotamia, called Sipphara, in digging a canal between the Rhine and the Maefc, though 
divides itfelf into two branches, one running to Babylon, an interval of about 23 miles, in order to preferve tnc 
and the other to Scleiicia, where it falls into the Tigris. counti7 from inundations, and to ferve as a drain, in cafe of 
Tlic latter, fays Pliny (l.vi. c. 26.}, was partly artificial; any extraordinary overflowings of the fea. Cluverius and 
and he places Selcucia at the confluence of the Tigris and Cellarius fuppofe this to be the canal that begins at Leyden* 
Eupliratcs, adding that the Kiipliratcs was conveyed to it by paffes by Delft, continues on to Maefland, and joins the 
a canal. Prideaux, (Conn. b.ii. parti, p. 103.) on his an- Maefe at the village of Sluys. Claudius alfo employed 
thority, fiippofes that btanch to have been artificial, and 30,000 men for about 1 2 years in digging a canal through a 
aferibes it to Nebuchadnezzar. Between thefe two branches mountain for draining the lake Fuciniis (now Cclano) into 
an artificial canal was cut from the Euphrates, above Baby- the river Liris ; and in 171;^ this canal was begun to be 
Ion, to the Tigris at Apamea, 60 miles below Selcucia. clcanfed to the great relief of the neighbouring country. 
This canah, which was large and navigable, was called Naar^ which w'as inundated by its obftru£lion. The Romans, 
Tnalcha^ which fee. From’ the Naarmalcha the emperors during their refidcnce in this country, made a canal between 
Tiajan and Sevcriis, in their wars with the Parthians, dug a the Nync, a little below Peterborough, and the Wilham, 
new canal to the Tigris, near Coche on the weft, and Cte- 3 miles below Lincoln, called by the modern inhabitants 
fiphon on the eaft fide of that river. At the diftance of 8 od “ Caerdike,*’ which is now almoft wholly filled up. It was 
furlongs from Babylon, to the fouth was another canal, called almoll 40 miles long, and, as far as we may judge from the 
by Arrian (Exped. Alex. 1 . vii.) Pallacopas, and by Appian ruins, very broad and deep. Some have fuppofed it to be 
(Bell. Civil. 1 . ii.) Pallacotta, derived from the branch of the a Danifh work. J. Morton fiippofes it to have been made 
Euphrates that pafTed through Piabylon and conveyed uater under the emperor Domitian. Urns and medals have been 
to certain lakes or marfhes inChaldaea. On this canal, or river, difeovered on the banks of this canal, which feem to confirm 
as Arrian calls It, Alexander failed from the Euphrates to that opini< n. Moi ton’s Hift. Noithaniptonftiire, cli. 10. 
tlicfe lakes. Strabo (l.xvi.) deferihes the courfe of this Chailemagne, at a later period, formed a defign of joining 
canal, without naming it. But it is tinpofTible to trace out, the Rhine and the Danube, aud of thus making a con muni- 
with accuracy, thefe and the other minierous branches aud cation between the ocean and the Black fca, by a canal cx- 
canals which watered the ancient countiy of Bavyhn^ which tending from the liver Almutz, which difeharges itfelf into 
fee. Many of thofe that were formerly confiderable arc now the Danube, to the Reditz, which falls into the Maine ; and 
loft ; and others have been formed fince, that did not cxift the Maine joins the Rhine near Maycnce. In the execution 
in ancient times ; for a country fo much watered, fo Jow in of this defign he employed a gicat number of workmen, but 
fituation, and fo fubjeft to the violence of extraordinary in- he was preventtd from completing it by a variety of obftmc* 
ondations from the two large rivers, the Tigris and Eu- tions which occurred. Of all the countries to which ancient 
phrates, and fo negle£^cd as it has been for feveral ages, muft biftory dire^ls our attention, Egypt was the moft diftin- 
bave often and very confiderably changed its face fince the guifhed by its numerous canals, wmich, according to Savary, 
time of Ptolemy ; and it i$^ almoft impoiTible to deferibe it amounted to 80, feveral of which are 20, 30, aud 40 leagues 
fuch as it was while it continued to be the feat of empire, in length. Thefe ferved to receive anddiftribute the watcri 
when the inhabitants were rich enough to take care of its nu- of the Nile, at the time of its inundation. Moft of thefe are 
merous banks, and to keep them in repair. See Babylonia, neglefled, and, confequently, oric-half of Egypt deprived of 
Both the Greeks and Romans propofed to make a the means of its cultivation. The canals which convey the 
canal acrofs the ifthmus of Corinth, which joins the Morea water to Cairo, to theprovinceof Faioum, and to Alexandria, 
and Achaia, and thus to make a navigable paftage by the feemed to have engaged the chief attention of government. 
Ionian fea into the Archipelago. Demetrius Poliorcetes, An officer,'' fays baron DeTott (Memoirs, vol.ii. p. 21, 
Julius Caefar, Nero, and Caligula renewed the attempt, but 8cc, Eng. ed.) is appointed to watch this laft, and hinder 
without fuccefs. PHn. l.iv. c. 4. After the death of the Arabs of Bachria, who receive the fuperfluous waters of 
Alexander the Great, Seleucus Nicanor attempted to make this canal, from turning them off before Alexandria be pro- 
a canal between the Euxinc and Cafpian feus, but his under- vided, or opening it before the time fixed, which would 
taking proved abortive. Travellers, however, aflert that hinder the increafe of the Nile. That which conveys the 
traces of very deep vallies are to be fecn, through which the waters into Faioum is watched in like manner, and cannot be 
canal is faidto have pafTed. Selim II. and Peter the Great, opened before that of Cairo, which is called the canal of 
renewed the attempt, but they were prevented from fuccccd- Tnijan.” But the principal of thefe wwks was the Grand 
ing, not fo much by the impra^Iicability of the feheme as by Canal, by which a communication was made between the 
Other collateral circumftances. The Romans, more intent Nile and the Red fea. This M^as begun, accoiding to 
on conqiicfts than on commerce and the arts, afford us few Herodotus (lib. ii. p. 181, See. ed. WeftVlingii.) by Nccos, 
tnilances of canals for internal navigation. We find, how- the fon of Pfaiumitichus, who defifted from the attempt on 
<ver, that Drufus, under the emperor Augu ft us, having con- an anfwcr from the oracle, after having loft i20,coo men in 
ceived the deiign of marching into Germany without harafl- the enterpvife. Strabo (lib. xvii. p. 1 157. ed. Cafaubon.) 
ing his troops by a long and difficult march, facilitated the aferibes the commencement of it to Scfoftris, before the 
execution of it by making a canal that communicates from Trojan war. It w^as refumed and carried on by Darius, Too 
the Rhine with the Iffel, extending from the village of of Hyftafpcs, who relinquiftied the work on the reprefenta- 
Ifeloort to Doefbourg. This canal received a great part of tiun made to him by unikilful engineers, that the Red fea 
the waters of the right branch of the Rhine, wTiich became being higher than the land of Egypt, would overwhelm and 
by that means much lefs confiderable. At the fame time be drown the whole country*. Diodorus Siculus (lib. i. p. 39* 
opened a third mouth from that river into the fca, mentioned cd. Wcflelingii.) gives tne following account of this canal* 
by Pliny under the name of ** Flcvum Odium But the face ** A canal of communication has been cut, which pafies from 
0/ the country has bcai much akertd from that time Lu* the gulf of Pelufium to the Red |lea« It was begun by 
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Necos, the fon of Pfammiticho'i, anil continutd by Darius 
king of Perfia ; bvit left iinperfed in confcquence of the 
advice of fome perlons who afTerted that it would lay Egypt 
under water, bccaufe the land was below the level ot tne 
Red fea. Ptolemy Tl., however, finilhed the undertaking, 
and conllru^led, in the moil convenient part of the canal, a 
dam, or fluicc, ingenioufly contrived, which opened to give 
paflage, and immediately clofed again. Hence the river 
which difeharges itfclf into the fra, near the city of Aifinoc, 
has received the name of Ptolemy.** From this paflage, fays 
baron De Tott, it is plain, that the fluiccs liillcxilUd in the 
time of Diodori!*?. The entrance of the canal near Suez yet 
remains, and might eafily be rendered navigable, without em- 
ploying fluiccs or locks, as the difTi ivncc of the level is very 
fmall, and without endangering Egypt with inundHlions. 
This part of the illhmus, fays the baron, affouls land very 
favourable for fuch an excavation, through the fmall interval 
of 12 leagues, which fcparales the Arabian gulf from the 
arm of the Nile which approaches it, and afterwards falls 
into the Mediterranean at 'I'int-h. Strabo adds (ubi fupra) 
that this canal afterwards cleanfcd by Tiajaii. Its 
width, being lOO ciiLilP, of 73 inches to a culiit, was fuf- 
ficient.for admitting the pnfiligc of two galleys abreafl ; and 
its depth was fuch as to I nr the laigelt vtlhls. Pliny, in 
his account of this c inal, (lib. \i. enp. 29.), flutes its breadth 
at 100 feet, it", dv.pth at ,jo, and il‘. length to the bitter foiin* 
tains (near ArliiKn:) at ,;7 mdes. By means of this canal, 
the valuable commodities of India, Perfia, Arabia, and the 
kuigdoms on the coafl of Africa, which wete brought by 
fliipping to the Rid fc.u wuv conveyed to the Nile; and 
thence diftributed by t)jc Mediteirantan not only to Gretce 
nnd Rome, but to nil the furrounding nations, until the 
Portuguefc difcoveitd a paflage to India by the Cape of 
Good Hope. It did n.ot, however, lung ferve the ufeful 
purpofes ol coinmtrce, v/hich were at fiill expe^^ed. Mer- 
chants were diflatislied with the delay ()ccafioiied by going 
to the very bottom of tlie gulf, and afterwards with tne in- 
land navigation of the canal, and tlnit of the Nile, to Alex- 
andria. They found it much more expeditious to itnload at 
Bereii'ce, near the coafl of the Red fea (fee Bfrinice) : 
and after tiivee days* journey, to fend their merchandife 
ilircdlly down to Alexandria. Accordingly, this e«nal was 
difufed, and goods were conveyed fiotn Berenice to the Nile 
by land ; a mode of conveyance occiiiionally ufed it this day. 
Sirabo and others have affcrtid, that this canal was again 
opened about the year 6j by Amru, governor or preted 
ol Egypt, under the caliph Omar, for the conveyance of the 
loru of Egypt to Arabia, which was then grievoufly 
diftrefled by a Famine. Elmacin, or Al Makin, la^s, that 
a new canal was opened for this piirpofe, and called by 
Amru the river of the emperor of the faithful; but it has 
been more generally fuppofed, that he only renewed the an- 
cient canal, the navigation of which, towards the decline of 
the Roman empire, had bceh much negledcd. "i’hc authors 
of the Modern Univerfal Hiltory (yoi.i. p. 333.), difci edit 
the relation of Elmacin and Eutychius; and allege that there 
never was any paflage for veffvls dug between the towns of 
Al Foftat, on the eaflern hank of the Nile, and Al Kolzom 
or Colzum on the Red fea. The river, or rivulet, denomi- 
nated by them the river of the emperor of the faiiliful, fay 
thefc authors, was undoubtedly no other than the Amms fra- 
laimsof Ptolemy, or the Khalig, which annually ftipplies the 
city of Cairo, as well as the neighbouring country with water. 
For the prefent (late of this canal, fee Cairo. Ihey fuppole, 
therefore, that, on the occafion now referred to, the caliph 
Omar ordered Amru to make the Khalig more navjgablct by 
clearing it of the gravel or fand with which it was then 


choaked up 5 and that, for this reafon, it rectived the name 
of the river of the emperor of the faithful. Elmacin farther 
informs us, that the Alexandrian canal was (lopped again, at 
the end next the Red fea, by the caliph Abu Jaafar, or Al- 
manfor, in the year of the Hegira i jo, A.D. 767. Some 
trices of this canal §trc ftill fublifling ; and M. Boutier, i^i 
170.3, difeovered that end of it, which rifes out of the moil 
ealterly branch of the Nile. Hift. Acad. Sc. for 1703, 
p. 1 10, See, 

The canal of Alexandria, cut from the Nile to this city by 
Ptolemy, during the inundation of the Nile, receives its 
water at Latf, oppofite to Fouiih, and liaa three bridges 
over it, of modern conflruftit n. Near the former, by the 
fea-fulc, is the entrance of thv fubterraneous aquedu^f, that 
carries a fupply of water for the Alexandrians into the 
cifterns, the rehes of which lupported the whole extent of 
the ancient city, but they are now incapable of being traced 
out. 'Bhe mouth of this aquediuFl is now blocked up ; but 
when the water of the canal had arrived to a certain height, 
in confequcnce of the rife of the rH^er, the principal magif- 
trates of the city went in great ceremony to break down the 
dam.. When the ciilerns were full, it was again built up, 
and the water of the canal continued to fall into the fea at 
the old port. It was by thiseafy communication that mer- 
chandife was formerly conveyed through Egypt. The dan- 
gerous palTage of the mouth of the Nile was thus avoided, as 
well as the perils of the fea. But hclide furnifliiiig the city 
with water, and facilitating its commerce, this canal, whicn 
pnfTed along the upper part of the cultivated lands, on the 
left hand of the Nile, contributed very much to their fertility. 
In procefs of time it was fliamefully ncglcdtd. Howcvcj*, it 
was cleanfed by order of Bonaparte, in hia iiTuption into 
Egypt, as far as Rlianiania. See Alexandria. 

Egypt is intufcfled in various diiviHions by many other 
canals. Several of them ilFuc fn'in that arm o( the Nile 
which runs to Damielta, and contribute to fertilize the pro- 
vince of Shaikia, which, makii\g part of the iflhmusof Su- z, 
is the moft coniidcrable of Egypt, and the mofl capable of a 
g} eut increafe of cultivation. Others run through the Dv lta, 
and of thefe, fays baron De Tott, many are navigable. 'Bhc 
canal of Menouf communicates with the two brandies of tlic 
Nile, 10 leagues below the angular point, called tl:c “ Belly 
of the cow ,** See Mi.nouf. The canal of Buhira pro- 
ceeded from the lake Mueotie, near Alexandria, and having 
frnt ofl* branches which joined the wdU*rn branch of the Nile 
at Efhlim, Shabiir, and Nadir, palled on to Upper Egypt. 
The other principal canals of Egypt will be mentioned in 
connediou with the towns or diflrids to which they be- 
long, 

*i*here is no country on the face of the globe that abounds 
more with canals and navigable rivers than China: to 
which article we (hall refer an account of its inland naviga- 
tion. Hindoollan likewif? furniflies inflanecs at a remote 
period of the acknowledged importance aiKl utility of canals. 
As the country between Delhi and the Ranjab was fcantily 
fnpplied with water, the emperor Ferofe 111 ., who died in 
138S, undertook, fays major Rcnncll (Memoir, p. 71.), the 
noble, as well as ufeful, t..fl< of fupply ing it better, and at 
the fame time of applying the water, fo furnillied, to the pur- 
pofes of navigation. 

The immediate objc£k of the canals, proje^cd and exe- 
cuted by Ferofe, for an account of which we refer to Rcn- 
nell (ubi fupra) feems to have been the juiiAion of the Set- 
iegc au 4 Jumnah rivers, through an interval of 240 geogra- 
phical miles, and remotely that of the Indue and Ganges. If 
this grand defign of Ferofe liad been completed, it luuft 
have ranked with the greateft works of this kind ; « for we 
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iiouM then h.ivc f.cn two cr.pital rivers, which traverfc a 
larpe part of Sontlu-rn Aiia, which enter the fea at the 
clilhinco of J500 Butiflt miles afuiider, and which ilretch out 
their arms, as it were, to meet each other, united Uy art : 
and thofa by nature to a third ; fo as to form an uninter- 
rupted inland navigation from the frontiers of China to thofc 
of IVrlra.” The country of Bengal is fo intcrfcCtcd in 
vopoiis dire(!i^lon« by the natural canals of the Gauges 
and Burranipooter rivers, together with their mimenuis 
branches, as to form the moll complete and ea^y navigation 
that can be conceived : and it is fuppofed, that this inland 
navigation furnifhes co iilant employaicnt f> r jo,ooo boat- 
men, who arc employed in conveying by water throu gh the 
kingdom of Bengal and its dependencies, all the IV.lt and a 
large proportion of the food confiimed by ro,o::o.ooo peo- 
ple, and in tranfporting commercial exports and imports, 
probably to the amount of 2,coo,cool. llcrling per annum. 

The improvement of inland navigation engaged but little 
attention m RufTia before the reign of Peter the Great. 
With him, after his return from Holland, where he had ob- 
ferved its iifcful effeefs, the conllrudion of canals becnmi ». 
principal obje£l. Of thofe projcdled and halliiy executed 
by him, w^e may mention that of Cronftadt, that of Lado- 
ga, that of Vifhnei-Volofhok, and that for forming a commu- 
nication between Mofeow and the Don. For'an account ot 
the canal of Cronftadt, which was left unfinilhed by czar 
Peter, fee Cronstadt. Th'? Ladoga canal w'as begun in 
17x8 by his order, and finilhed during the reign of the cm- 
prefs Anne. It w^as carried out firil only as far ar. the K i- 
bona, a rivulet which enters the lake to the call of Schluf- 
fclburgh ; but now reaches, without interruption, from the 
Volkof to the Neva. The length is 67^ miles, and its 
breadth 70 feet ; the mean depth of w'ater in fummer is 
feven, and in fpring ten feet ; it is fupplied by the Volkof 
and eight rivulets. The barks enter through the Quices of 
the Volkof, and go out through thofe of Schluirelburg. In 
1778, four thoufand nine hundred and twenty feven vefTcls 
pafled through this canaL A feheme hns been projedt.d, 
and in part executed, for uniting the White Sea and the 
Baltic, and thus improving the commerce between A‘cli- 
angel and Peterfburgh, by ft>rming a communication be- 
tween the I.adoga and Bcilo-Ozero to the Dana. The 
canal of Vifluiei-VoloHiok, forms u commi.’iication by wa- 
ter bctw’cen Allracan and Pctcrnuirgb, or between the Caf- 
pian and the Baltic. This canal was begun and completed 
under Peter the Great ; but it has been confulerabiy im- 
proved by the emprefs Catharine, fo that veffels reach Pc- 
terlburgh in half the time which they formerly cmploy< d. 
In order to form an idea of the coiirfe of this inlaiul naviga- 
tion, a map of Ruflia (liould be confnltcd ; and it will be 
fecn, that the river Shlina forms the lake Madino, which 
gives rife to the Mafta ; this, after a courfc of 2^4 miles 
falls into the lake Ilmen, from which ilTucs the Voikof; and 
this, running 130 miles to the lake Ladoga, fupphes the 
Neva; fo that, in effed, the Shlina, the Malla, the Vo'- 
kof, and the Neva, may be coufidcivd as the fame rivtr 
flowing into and through different lakes. By uniting, 
therefore, the Shlina, which communicates with the P^altic, 
with the Tvertza, which flows by the Volga into the Caf- 
pian, the canal of Viftinei-Volofliok completes the commu- 
nication between thefe two feas. In autumn the navigation 
f^rom Viflinci-Volofliok to Petcrlburgh is performed in little 
more than a month ; in fummer in three sveeks. In one year 
3485 barks have pafled through this canal. 

The grand projed of uniting the Cafpian and the Baltic 
with the Black Sea, by thejundion of the Don and Volga, was 
planned by Peter the Great. I'lufc two rivers approach each 


other within the dlftance of 40 milts in the province of Atlra- 
ran ; and two rivulets, the llofia which falls into the Don, and 
the Ca.n?lhinika tailing uito the Volga, arc feparated only by 
an interval of five miles. If thefe riv iUts could be made navi- 
gable, and united by a canal, the Black Sea would be joined 
with the Cafpian and Baltic* Repeated attempts have been 
made for this purpofe, but they have hitherto failed. How- 
ever, as the Volga and the Don arc but 40 miles diftant, 
and land can iage* in this country is very cheap and cafy, the 
advMiiuircs refiil^ing fio.n the projedlcd canal would be 
fcarctly equivalent to the expence of forming it. In 1802, 
a beautiful chart was publilhcd, exhibiting a view of all the 
canals in Rufii 1, that have been formed between the White 
and Black Sta, a 'd between the Baltic and the Cafpian. 
The inkiiid navigition already carried through fuch an 
extent in Ruflia, tliat it is poflible to convey goods by water 
4472 miles from the frontiers of China to Peterfburgh, with 
an interruption only of about 60 miles ; and from Aftracan 
through a tnicl of 14^4 miles. Cox*s Travels in Poland; 
Riiffla, dec, vol. iii. Tooke'd view of the Ruflian Empire, 
vol. i. 

Tl'he firil fovercign of Sweden, who duly appreciated the 
utihly of inland navigation, was Guflavus Vafa. Having 
made Lfidcfe (now Gotheborg) a (laple-town of trade, he 
conceived hopes, that in order to prevent the rrercbant-ftiips 
bnii'ul to Sweden from being obliged to fail through the 
Sound, the merchandize might, at fome future period, be 
tranfported from thence to Stockholm, by means of the 
Wemicr, IPtlmar, and Mxler, when the livers and lakes 
initiiig with them Ih.oiild be rendered navigable. Eric XIV. 
detiroiis of cxecul’iig hnj f.ither^s plans, direfltd a furvey to 
be made of the waters cornmunicHiiug wiih thofe lakes, and 
plans to be formed for joining tliem by aitilicicd canals. But 
the turbulence and m’sfortnncs of his reign finllratcd the 
accomphllumnt of hisdtlign^. The fame object was kept 
in view by fuccceding foverti/ns. Charhs IX. promottd it 
by the Carlfgraf canal, and Charles XI. by tliat of Aiboga. 
Guil.ivus Adolphus vvilhed to encourage the dclign, bill 
could net find ptrfons competenliy qualified to execute it : 
and Charles XI. was difoouraTed by the upon of Dutch 
engineers, who declared it iinpr,»<^t»ciiblr. Chailes XIL 
however, approved the propofid of the ccLbrated engineer, 
Polhem, for rendering the cararac't's uf Troll\:rtta navigable , 
and for opening a comiuunicsition, not only between Gotlic- 
horg and St(;ckhohti, but alfo with tiie Vv enner, the Vet- 
ter, and Nordkioping, foTieicnt for the paffage of large 
Vvirch. I’hf exf euuc.n of this plnn wr.r. inonediatcly begun 
by h.i order, and, after his death, revived by Adolpniis 
Frederic. L c'vnpreln.ijtkd tluee p'luclpal parts; viz. the 
juii£lioji of the Meier coui the Hielmar, of the lliclmar and 
Wcni’cr, and %d'thc Weiner with the ('’rtuunu Ocean. The 
two lak's of t!iv Mcelcr and Hielmar arc united by the Ul- 
vifon, and the cai al of Arboea, This canal (fee Arbo- 
c;\) is, for the moil part, of fnllicient breadtli Ui receive tw» 
barlis n-brealc, and its lowed depth is eight «Swedi(h feet. 
It is chkily fupplied with water from die lake Hiclmai« 
which is So fctt higher than its Icv. l ; and this fall is broken 
by eight fluices. With a view of joining tlie Hielmar and 
Wenner, many fehemes wire propofed, but difliculties oc- 
curred which prevmlcd the completion of them. The junc- 
tion of the enner with the German Ocean has been at- 
tempted by the Carlfgraf canal, the canal of Trolhaetta, 
and the flniccs cf Akerftrsem and Edet. The Carirgraf 
canal, fo called from Chailcs IX. who commenced it, con- 
nects the Wenner with that part of the Gotha, where it it 
firil navigable. In jySS a new fluice to fupply the place of 
that of Polbcm, cjrried away by the water, and of that 
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called Tcffin, found infuflEicicnt, completed ; and deno- 
minated the (luicc of Gullaviw. This fuperb work is a cut 
of 400 feet, partly perforated tliroujth the folid rocks, and 
confiftinjf of two locks, each 200 feet lonjr, and 36 broad ; 
the fides bcinjr (frongly faced with brick and (lone. The 
gieatcft depth of water is 13, and the lowed fix feet. 
This canal is commonly navigated by veflcls of 80 tons bur- 
den. From the end of this canal to the village of Trol- 
h»tta, including an interval of live miles, the navigation 
of the Gotha is uninterrupted ; but when it burfts at once 
into the catarafls of Trolhatta, called the “ gulfs of hell/* 
all farther navigation becomes impradicable through a fpace 
of about two miles. Here it is divided into four principal 
catarafta, feparated by whirlpools and eddies, and defeend- 
ing through a perpendicular height of 100 feet. Ncvcrthc- 
Icfs, an attempt lias been made to form a canal through 
thefe catamcls. The firft attempt, after much labour and 
cxpencc, failed ; and another plan was adopted. The length 
of the canal w^as to be 4700 feet, its breadth 36, and its 
depth in fome parts above 30 : and it was to confifl of nine 
flinces ; but the whole of the cut was to be excavated 
through a bed of red granite ; and though it fhould not be 
condemned as impra 61 icab!c, the difficulties attending it ap- 
pear to be almoft infuperable. After all, it has been 
doubted, wdiether the enormous expcnce attending the exe- 
cution of it will be compenfated by the advantages rcfulting 
from its completion. Guftaviis III Toon after his acceffion, 
vifitcd the works, and ordered all of them to be fufpended, 
except the fluices of Guftavus and Aker. But, in order to 
facilitate the conveyance of mcrchandife from the diftrifts 
bordering on the Wenner to Gotheborg, a wooden road 
has been coD(lru 61 ed on the (ide of tlie river, from the be- 
ginning to the end of the cataracts. About a mile below 
the catarads, the courfe of the Gotha is again interrupted 
by a fall, called Akerllrseni ; and here a canal has been 
made through a rock, 182 feet long, including the (luicc, 
26 deep, and 36 broad. From Akerdrsem the river is clear 
to Gotheborg, excepting at Edct, where it is intercepted 
by a bed of rocks. On one fide of thefe rocks tnolher cut 
has been made, 600 feet long, 20 deep, and 18 broad. 
The iron and other mcrchandile are now traafpoited acrofs 
the lake to Wennerfhorg, through the Carlfgraf canal, and 
down the river Gotha to Trolhxtta. At the catirads they 
are unloaded, carried over the wooden road two miles to the 
end of the falls, again embarked, and paffing through the 
Akerdracm and Edet (luiccs, arrive without further impedt- 
ment at Gotheborg. Coxe’s Travels, vol. iv. 

The principal canal of Denmark is that of Kiel. This 
canal was defigned to complete the inland navigation, which, 
for the purpofc of facilitating the communication between 
the Baltic and the German Ocean, is formed acrofs the 
duchy of Hoidein, and it unites with the river Eyder, which 
palTes by Rendffiurgh, and falls into the German Ocean at 
Tonningen. It begins about three miles N. of Kiel, at the 
mouth of the rivcrXcwcnfawc, which heretofore feparated 
Holdcin from Slefwic, and viu‘ll become a new boundary be- 
tween thefe two duchies. The diftance from its beginning 
to the call (luicc at Rend(burgh is 27 Englifh miles ; but as 
the Eyder is navigable about miles aDovc Rcnd(burgh, 
the cut ncccflary for completing the communication between 
the two fcas is only ao| miles. It was begun in 1777, and 
was opened in 1785- The perpendicular fall towards the 
Baltic is ac feet fix inches ; that towards the ocean 231 
and the velfcls will be raifed or let down by means of fix 
fluices. The breadth of the cut is lOo feet at the top, and 
<4 at the bottom; the fluices arc 27 feet broad and 100 
Icet longi and the loweft depth of water is 10 feet. Mcr* 
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chantmen of about X20 tons burden will be able to navigate 
this canal. The utility of this important undertaking is in- 
difputable. At prefent, even the fmalleft velTels, trading 
from any part of the Dani(h dominions in the Baltic to the 
Northern Sea, muft make a circuit round the txtremity of 
Jutland, and are liable to be detained by contrary winds. 
This navigation is fo tedious, that goods (nipped at Copen- 
hagen for Hamburgh are not unufually fent oy fea only to 
Lubec, and from thence by land. The object, fays Mr. 
Coxe, of thofc who planned this canal, was to draw by 
Kiel into the Baltic, the commerce of Bremen, Hanover, 
and Weilphalia, which is now carried down the Wefer, and 
by Gluckfiadt upon the Elbe, to Hamburgh and Lubec ; 
and to facilitate the tranfport of merchandtfe from Holland 
and the North Sea to the ports of the Baltic. But the dif- 
ficult navigation of the Eyder between Rendfburgh and 
Tonningen, occaftoned by numerous (hoalt of (hiftin^ fands, 
will prevent the complete fuccefs of this canal. Ships fail- 
ing from the Baltic to Englifh or French ports, will udth- 
out doubt prefer the navigation round the Cattegate, with 
all its dangers and difficulties. The trade of Kel, how- 
ever, will at all eventrt be greatly incrcaftd by this canal ; 
but the principal drpofitory of the mcrchandife will be at 
Rend(burgh. Coxe’s Travels, vol. v. 

The canals of Holland and Flanders are innumerable; and 
they ferve the purpofc of our public roads, fo that the inha- 
bitants may travel by means of them in iheir trehfehuyts 
and barges, and convey commodities for confiimption or ex- 
portation, from one part of the country to another, as oc- 
cafion requires. An inhabitant of Rotterdam, it is faid, 
may, by means of thefe canals, breakfaft at Delft or the 
Hague, dine at Leyden, and fup at Amfierdam, or return 
home again before night. By them alfo a prodigious inland 
trade is carried on between Holland, France, Flanders, and 
Germany. When the canals arc frozen over, they travel on 
them with (kaits, and perform long journies in a very (Kort 
time, while heavy burdens are conveyed in carts and (ledges, 
which are then as much ufed on the canals as in our (Ireets. 
The profits which have accrued from thefe canals have 
been immenfe ; and their amount almofi exceeds belief. It 
is faid, that they have yielded more than 250,000!. for about 
40 miles of inland navigation. The canals of Holland are 
generally 60 feet wide, and fix deep, and are kept clearifed ; 
the mud, as manure, being very profitable. They arc ge- 
nerally level, and need no loiks; and they arc commonly 
elevated above the country for the rurpofe of carrying on 
the waters, which in winter inur ■ iies the land. In the 
province of Dtlflland, not more tiiari 60 miles long, 200 
wind-mills are employed in fpring to raife the water into the 
canals. On the dams or banks by v,?hich they are bordered, 
and wliich are kept in repair at a very confiderable expence, 
depends the fccurity of the country from inundation. The 
canals of Flanders, ever fiiice their trade has declined, and 
the cities ertdlcd on their banks have decayed, have been very 
much neglefted. They indicate, however, the former fiourtih- 
ing and profperoiis (late of the country. So early as the J 2th 
century, large canals were cut ; and they anfwered the pur- 
pofe of inland commerce as well as of draining the land. 
The fpacious canal of Brudels, begun in 1531, and com- 
pleted in 1560, extends from this citv to the Scheldt, which 
^ens a communication with Holland, and by the canals of 
Ilanders with the ocean. The canals of the other Dutch 
and Flemi(h towns will be mentioned under their refpe^tive 
articles. 

France has from a very diftant period exercifed its inge*. 
nuity and aftivity in the confiru6rion of canals for inland 
navigation. We mult content ourfelvcs with a curfory 
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mention of feme of iht pnaclpa!. The canil of Briare, 
called alfo the canal of Burgiindv> was b^un under Henry 
IV. and Anifhed in the reign ot I^ouis jTllL It opens a 
communication between the Loire and iltc Seine* and then 
between Paris and the weftern prorinces. Commencing at 
the I.oire near Briare* it pafles to Montargis, joins i he ca- 
nal of Orleans* which was begun in 167 5, and has ao (luices* 
and falls into the Seine near Fontainbleau. It has 42 locks 
and fluices ; and is of great ufe in inland commerce. The 
canal of Picardy coniicdts the river Somme with the Oife j 
and beginning at St. Quintin, joins the Oife, and affords a 
ready conveyance to Pans for the grain of Picaidy, the fca- 
coal* wood, butter, copper, and ipices from the northern 
provinces of the kingdom, and from Holland. The moff 
coofidemble work of this kind is the canal of Langutdoc* 
called the canal of the two feas, which forms a jundion be- 
tween the Ocean and the Mediterranean. It was firll pro- 
jeded under Francis I., but begun in 16669 and fininied in 
)68i, under Louis XIV., diirhig the miniftry of Colbert, 
and by the fkill of Riquet, the engineer. It ellablirticd a 
ready communication betw^’cn the two fertile provinces of 
Guienne and Languedoc, and extends from Cattee in the 
bay of Languedoc, to the Garonne below Thoulofe, being 
provided at proper intervals with 114 locks and (luices. In 
fomc places it is conveyed by aqueduds over bridges, under 
which other rivers purfuc thrir courfe. Near the town of 
Beziers, it w'as conveyed under a mountain by a tunnel, then 
thought fingular and extraordinary* but now common, 720 
feet in length and lined with free (lone. At St. Ferriol it 
derives a fupply of water from a refervoir containing 595 
acres. Its breadth is 144 feet, including towing-paths 5 it 
is (lx feet deep, and its length 64 French leagues, or about 
180 miles. The expcnce of its conftrudioii w'as about 
540,0001, defrayed partly by the king, and partly by the 
province of Languedoc. On the redudion of the army and 
wavy in 1782, after theconclufion of the American war, the 
difbanded foldiers and fcamen were employed in the conflruc- 
tion of three navigable canaU ; viz. one, called the ca- 
nal of Dehune, extending from Chalon*fur«Saonc to the 
town of Dijoin on the Loire, through an interval of 21 
leagues, and forming a jundion with the Saoue and the 
Rhone : a fecond, called the canal of Burgundy, reaching 
from St. Jeanc-de-r Aline to the village of Roch, between 
St. Florentine and Joifny, through a i’p.icc of 52 leagues, and 
opening a communication between the Saoue, the Rhine, 
the Yoiine, and the Stine ; and a third, cnMed the canal of 
Ncuf-Briffac, which commences at the village of St. Sym- 
phorin, on the Saniie, and pafling the city of Befan^on, is 
continued below 8li':»ri>urgh, lorming a jundion of the 
Saone with the Rlione, imd of the IH with the Rliine. By 
thefc cnaaU goods imy he conveyed at a cheap rate from 
Marfeilles, the Meditenanenn, Italy, and Swit'/orland, to 
the bay of BilVay and the Ocean, and alfo to 1 Joiland and 
Germany, as well as to Vlanders and the Aullrian Nether- 
lanii; and during any future war with Kiigland, Fiance 
vviil be able to fupply, by thefc cunnl.^, her dock-yards at 
Marftillcs and Toulon, and alfo her giaud arfcnal and dock- 
yards at Brdl and Rochfort, with all forts of commodities 
from the Baltic, without hazarding a voyage by fea. It 
would be chdlcfs to enumerate all the canals, projeded or 
adually executed in France, and forming an eafy intercouife 
between the different diftrids of this extenfive country. A 
furvey has lately, in 1802, been made of the little river Bu- 
Z€g or Bureg* with a view of its being brought to Paris in 
the time manner aa the New River is brought to London, 
nod of being laid into the ftreets and houfiss by pipes, fire,, 
plugs, and engiues, fos^ihe purgole of cleaning the ftrceti^ 


as well as aceommodating the houfes. Phillips^ Inland 
Navigation, p. 7<. 8vo< 

Spain has not been altogether inattentive to the improve- 
ments likely to rcfult from inland navigation. At former pe- 
riods it has been often propofed to dig a canal through the 
iilhmns of Darien, from Panama to Nombre dc Dios, and 
thus to make a ready communication between the Atlantic 
and the South Seas, and to open a flraight paffage to China 
and the Eaft Indies. The projed, however, has been 
confidered as chimerical, and treated with ridicule. The 
improvements meditated at home arc of much greater 
importance : but though the inland navigations of Spain 
have been commenced upon principles both of grandeur and 
utility, they have been fuffertd to languifli through the want 
of refouices, and the tardy meafurea of the court. The 
great canal of Arragon afforded* in 1785, fome hopes ; but 
it feeins to remain in an imperfed ftatc. Two branches, 
however, are completed ; thofe of Fan lire, and tlie impe- 
rial canal, both of which begin at Navarre and terminate in 
tlie river Ebro, and they have already proved fources of in- 
duflry to all the dittrids through which they flow, and tendered 
the fields fertile. One of thtfc canals is conduded over the 
valley of Riojalon, by an aqucdu6\ 'j/io fathoms in length* 
and 17 feet thick at the bafon. Another canal called the 
canal of Caftile was projedtd to begin at Segovia, about 
40 miles N. of Madrid, and to cxttnd to the bay of Bifcay, 
through a diftance of 140 leagues. This canal is 56 feet 
wide at the top, 20 feet at tlie bottom, and nine feet deep, 
but the completion of it will require many years. The ca- 
nal of Giiadarama was planned in I 7 ^ 4 > being con- 
duded with fpirit, is probably now completed. It was to 
commence at the foot of the mounlaius of Guadarama, neac 
the Efeurial* and to proceed to join the Tagus, afterwards 
the Guadiana, and terminate at the Guadalquivir, above 
Anduxar. Another canal was alfo begun to join the river 
Manzauarcs to the Tagus ; but the work was fnfpendcd. 
The canal of Murcia was found, after its commencement* 
to be impradicable. Phillipses Inland Navigation, p. 75* 

The Americans poffefs a country capable of great and 
eafy improvtinenr by internal navigation. To this objed 
they are not iiialtcniivc. For an account of their 
and adual progrefs in this biifinefs, we inuil refer to PhiN 
lips's Inland Navigation, p. 571, &c., or to the Journals of 
Mr. Elkaiuih Watfon. ^ ' 

Canals, Me Bnf/Jh ; from the great influence which thcT 
appear to have had. among other caufes, during the lalt 
half century, in promoting the rapid increafe of our com- 
mercial grcaincfs as a nation, have induced r.s to lay before 
our readers a very full account, not only of the prefent 
exifting canals, but of the principles and pradice of canal 
making, in the ir.siud kingdoms. As vciy few of the Eng- 
lilh, Wflcli, Scotch, and Irifh rivers, are of fiifiicicnt magni- 
tilde, and frte from jhoals, to anfwcr the purpoft 5 of navi- 
gation far into the country from the Tea, wiihout tlic aid of 
art, condiidtd upon finiilar principles to tlrifc ufed in canaU 
making ; and as nearly all our canals conned with the navi- 
gable rivers* and ad in fome incafurc, as cxtenfions of them 
further into the country, wc have f»>UMd it expedient to in- 
clude under this article, whatever we have been able to col- 
led on tlie l^bjed of the Iftlaml of the United 

Kingdom, r n r 

That the navigation of our rivers, by mips or .mailer -.’el- 
fels has long been an ot^ed of coniiderable importance, will 
appear from magna eharta^ which has made a fpccial pro- 
vifion in the 23d diaptcr,for the putting down of weirs and 
other ob(lru€lion8 in the rivers of England ; and from flat. 
25 Edw.IIL o. 4. whidi fetsforth, Uiat “ whereas the cem- 
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mou paffagL’a of boalii and flnps in the gtcat rivers of Eng- 
land, be ofu'utirnLS annoyed by inhaniing gores, weres, 
(lakes, &c. in great da-nage of the ptopW: it is elfablifhed, 
the l‘a;no ilirill be cut and utterly pulled down, without being 
lenewod, and that writs be lent to the (ht riffs to do cxecii* 
tion/' After two other unfuccefsfnl attempts by Ilalutts in 
the fucceeding teignej, to prevent the five navigation of the 
rivers from beinr obllru^led by individuals, intent uj)on fini- 
ing, emS Miking UnJ, or biiiidiirr mills, bridges, or making 
fords, the rtatute of the ^th of IJuiry J. chap, i j, appoint- 
ed fpecial cominiCioncrs for carrying the above ftalules into 
etfedt ; wliofe power - ''eic contimud and enforced by two 
other adi', prior to the ^^d of Henry VIII. chap. 5. which 
being (-ntitled, “ The Ibll of iStwtrs with a provifo,** ap- 
pjii'iled a general comminiv)!! of fewers, with large powers 
that arc Hill in force and adod upon, for making laws and 

ordinances, and compelling obedience iIkicIo, tor the “re* 
moving and preventing of impidinienis and anno)ances on ri- 
vers, llreair.s, and Hood'., whereby ilie paffage of (hips and 
boats might he lelteJ or interrupted.** And by the tiatiite 
of Edward VI. chap. S, the lall mentioned and former (la* 
tutes were confirmed and made perpetual. During the above 
period, fevcral other ffatutes weit alfo made, for removing 
obffri:6tiona in puticular rivers, of feme of wliich we fitall 
have octalion to Ipeak when we come to niciiiiou thofc 

livers. • n* ri 1 

The general laws of the land proving fo very incffeaual 
for protecting internal navigation from the encroachments 
of individuals and the elleds of negte6l, this probably 
fuggelled the propriety of thofe particular grants or Ihi- 
tiitcs which we find enabling corpoiations, and m feme in- 
ilancca individuals, to take particular rivers under their 
enlarge, and to receive tolls or dues from the vcffels navi- 
gating within their particular diftri6t. In procefs of time, 
as population increafed, and the advantages of water car- 
riage became more apparent, further grants and aas of par- 
liament were made, authoriling companies or individuals to 
extend the navigation on certain rivers furthci into |hc coun- 
try, generally to reach foiue city or great town j thefe ai^h, 
fome of which we fliall particularize hereafter, generally en- 
abled the parties to deepen, and in fome luliances to 
ilraitcn the courfe of their rivers, to embank them where 
loo wide, to tre^ jetties and Iluicea, to make flaflies for 
furmounting the (hallows or rapids, and in later times to 
erc6l pound-locks for gaining the afeent to t|ic different 
milbdums upon the rivtr. hut the conllant tendency of ri- 
vet's, cfpeciallv rapid ones, to call up banks of fand or gra- 
vel in particular places, their dcficic-ncy of water in times of 
drouglit, and fupcrabundancc in times of flood, the ravag- 
log eflFcas of thefe laft in deftroying the works creaed for 
the life of the navigation ; as happened on the river jfvon 
between Chriftchurch and vSalifbury } on the hvct .y/w/r, be- 
tween the Severn and Stourbridge 5 on the river Ca/iUTf 
between Wakefield and Efiand, and on fcvcral others which 
might be mentioned ; the great labour and difficulty of 
towing or dragging vcffels againft the ftream, tfpccially 
where there was not a towing-path for horfes, near to the 
channel of the river, and yet not fubied to be overflowed and 
rendered ufelcfs in time of flotnls ; the very lengthened courfc 
of moff rivers, arifingfrom their ferpcntinc, and, in fome in- 
dances, varying channel, was not alfo among the fmallelt 
of the difficulties attending them ; thefe, at length, fuggclt- 
cd the propriety of leaving the bed of the rivers in *0®^ 
dances lor a new cut for the navigation acrofs a neck oi 
land, with a pound-lock at its tower extremity. As thefe 
fide cuts and pound-locka were incrcafed in number, to (hort- 
tn the courfe of the rivers, their fupenor advantages be- 


came fo :.ppnrcnt, that a compsny of gcitlemcn and mer- 
i*ba:ils, w 0 had in jycj obtained an a6l of pai!i.':incnt au- 
ihorifiiig 'bfin to mnk< S>/rrlry Jiroijt! navigable from the 
Mcrfiy riv-r to near St. Htllins, in Eancafliire, with the 
poweis at i . at limcufual in navigation aAs, for the puichaf- 
iiigof land .':.d oiIut things neceffary for the intended navi- 
gation, at a ; lit* cllimato to he nuKlc by commiffioners ni:ni‘ 
td in the adffs they determined, after mature deliberation, 
to avoid the hci 01 channel of the brook altogether, and to 
mislcc one entire .icw cut or canal, as near as convenient to 
tlu bed of the river, v.'iih locks thereon, in fuch places .is the 
fall, of the ground Ihould render ncccffary ; and this canal 
they accoidnigly effected about the year ijfio, fiipjilying 
its higlieff pound or Icvtl with water, by a cut (^r fender 
from the Brook. I'hus navigable canals had their rife in 
England ; but, a lefs foitunatc fet of gentlemen, who iindci 
the power of an a^l ohlaiiud in the ytar l7do» to** making 
the river Stroudwaier navigable, from the river Severn to 
near the town of Stroud, although the a6l empowered them 
“ to make as many new cuts as they may judge proper, 
and of what length and breadth they fliall think conveni- 
ent ;** yet when they had, about the year 1774, determined 
Upon following the example of the SauLey proprietors, and 
in imitation of the duke of Bndr^zvnhr's, and feveral other 
canals, which had then been executed or were begun; by 
cutting a canal on the fide of the Stroudwater river, they 
were flopped by an expenfive law-fuit, carried on by ccitain 
mill and land -owners in the neighbourhood; whertby the 
dilliin^lion between the river navigation adls, and canal adfs 
was cflabliflied by the Court of Exchequer, before which 
the cafe came to be argued. 

About the year i/,*;;, the Dale of Bridy^c^Maier, acquaint- 
ed fully, no doubt, with what liadbeen near 80 years before 
effedleJ, on the canal of Lungiudoc, in the South of France, 
and linctf in different parts of the Continent, conceived the 
idea of a canal for the purpofe of conveying coals from his 
ellatc at Worfley in Lancafliire. to Salford near Manchtftcr. 
His grace, profiting as no doubt he did, by the works of 
that great French enginter,//w;m R'lquet^ and by the advice 
of that great natural and ftlf-taught geniuR James Brindley^ 
whom Ids grace called off, about the year 175S, from his 
employment as a inill-wTight and engine-inaktr in this c’oun- 
tty, to pcrfe^l, and cany into txceution, the great and im- 
portant fchemes which he had piojcifled, and tor which he 
propofed and brought into parliament the firff a£l, with 
powers adequate to the great and extraordinaiy undertaking, 
of cutting a canal of feveial miles in length, not in the di* 
re6l:oii of any rivtr or flream of water, but croffing the 
courfc of feveral brooks, roads, &c. and through the lands 
of a vaft nuinbtr of different perfons, all of whom were to be 
fully com pen fated, though deprived of the power of with- 
holding their lands or waters, or in any way obftru6ling the 
defign. In thefe rcfpe^ls, the Duhe of Bridgenvater has not 
improperly been called the father of canals in England, while 
his engineer, the late Mr. Brindley^ by his mafterly per- 
formances on the Duke of Bridgewater* i canal, altered and 
extended as the feheme thereof was, by three fubfequent 
a£l9 of parliament, has fccurcd to bimfelf, and well it fliould 
feem, from a comparifon of the great featurea, and minutise 
of execution in this the firll canal, with moff others in this 
country, even of the lateff coiiilrudion, tong continue to 
bold, that rank among the Englifli engineers, to which M. 
Riqmi feems entitled among foreigners. 

The courfc, thus happily opened by the Duke of Bridge^ 
water,i was quickly followed by new feta of adventurerSi 
who were feeii applying to pariiament in almoff every feffioD, 
tor powers to raiie a joint (lock on iransrerrabk (hareSf and 
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to make and maintain canals in mod parts of tlic kingdom » 
many of which have been long completed, as oiir fubfe- 
quent account of them will fliew, and have contributed in a 
mod eminent degree to the improvement of the country, as 
well as to the enriching of the individuals concerned in a 
great number of inflanccs ; in the laudable zeal of adventur- 
ers to extend, and of the people of great towns and proprie- 
101*8 of mines and great manutadorica to recc*ve, the benefits 
of inland navigation ; numerous fchemes have been adopted, 
where from the actual fcarcity of water, or its previous ap- 
propriation to mills, a canal with locks was impracticable. 
One of the firft of thtfc fchemes for difpenling with locks, 
was that of Mr, Brhhr^ about ihc year 1759, upon \\\t Stroud- 
•wafer river before mentioned, where the cargoes of the boats 
Were difpofed in a number of boxes or frames, juft adapted 
to the fize of the boats ; which boxes of goods were drawn 
up by cranes to he lodged in other boats on the higher level, 
and the reverfc in defeending ; vvh\^h method was afterwards 
fucctTsfnlly pradtifed on Dria^e*water s canal at Wor- 
fley, at Brielcy Hill on the Shropjhtre canal, and other 
places. The next mode feems to liave been adopted by Mr. 
Davts Dreharty near the Tyrone collieries on the intended 
connc<^io!i with Blackwater navigation in Ireland, about the 
year 1776; and atierwards by Mr, William Reynolds on the 
Kelley canal, where the boats were dragged up or let down 
inclined planes, not very different from the roiling bridges, 
long before in ufe in Holland and Fhnders. 

The ncccllity of an expeditious and cheap mode of con- 
veying coals from the pits to the keels or (hips, had, as 
early ai the year 1680, introduced the ufe of wooden rail- 
ways, for the waggons to move upon, between the Tyne 
river and fome of the principal pits, and thefe by degrees 
became extended to a great number of other coal-works. 
Since the more general introduftion of call iron, and its 
cheaper conveyance by meatis of canals, iron rails have been 
fubftituted in the place of the wooden ones before mention- 
ed ; and the ufe of inclined planes, or parts of the rail-way 
having a much greater declivity or flope than it is praclica 
blc to drag carriages up by means ot liorfes, has become 
very frequent in parts where the rife of the ground required 
it, machinery beingon thefe inclined planes adopted to flip- 
ply tl.c I lace of horfes. 

Sev^.al years ago, an aA of parliament was obtained by 
Homfray^ HiH^ and Co. for an iron rail-way, or tram-road 
from Cardiff X.Q Mrrthyr^ by the fide of, and as a rival fcheme 
of the Qlamor^anjhire canal, for 9 miles or more in length ; 
fmcc whicli, fevcral other ads have been paffed for rail-ways, 
and fevcral of tlicm cxectitcd, to the great benefit of the 
country, and the companies who conftruded them ; it has 
alfo become common within the fame period, to authorife 
canal companies to conftrud rail-ways, as collateral branches 
from their canal, to mines or other great works or to large 
towns within certain dillanccs of fuch canals ; by which 
their benefits have been amazingly extended : moll of the 
latter adls have alfo authorifed the adoption of rail-ways, of 
inclined planes, or of any of the expedients above-mentioned, 
or others as fabilitutes for locks, in fuch parts thereof, as 
are not readily to be fupplied with water, adequate to the 
walle which locks occafion. So many of thefe compound 
fchemes for leflening the expence of carriage have been al- 
ready executed, or are in hand, that we have found ourfclvcs 
compelled, in order to prefent our readers with a conneded 
and uferul view of the iubjed, to include what we have to 
fay on the fubjedt of raiUways^ in the prefent article, as 
well as treat therein of navigable riverif tor the reafons be* 
fore dated. 

Great Britain as well as every other ifland, and even a 


continent taken as a whole, has a range of high land paffing 
iwarly its whole length, which divides the fprings and rain 
w'aterg that fall to the oppofite coafts : wc lhall call this 
range dividing the caftern and weftern rivers of Britain the 
y^rand ridge^ and lhall in our accounts diftingiiilh on which 
fide, or how each canal is fiiuate, in refpedt thereof : and 
here it will be proper to remark, that no Icfs than 22 of our 
canals now do or are intended to pafs this grand ridge, 
forming as many navigable coiinedions between the rivers of 
the call and well fcas ! thefe arc the Invernefs and Fort-> 
William i Forth and Clyde ^ in Scotland ; the Leeds and Li^ 
verpool^ Rochdale t H udder sjieldf Trent and Merfey^ Stafford* 
Jbire and Worcfhrjbiret V/yrley and Fffington^ Birmingham^ 
Dudley, Worcijler and Birmingham, Stratford, Warwick and 
Birmingham^ Co^otntry, Grand ffunWion^ Oxford^ Thames and 
Severn^ Wills and Berks, Kennet and Avon^ Dorfet and Somer* 
fet. Grand Wejlerti, and Bude and Launcejlony in England : 
and what is not a little remarkable is, that the Dudley canal 
croflts this grand ridge fwice^ the two ends being on the 
eallern fide, and the middle part on ihe weftern fide thereof ; 
the Kennet and Avon crofles the eaftern and weftern 
branches, into which it divides on the Chalk Hills, w'ell of 
Marlborough, by which parts of this canal arc in the drain- 
age of the weft, the fourh, and the caft feas I the Coventry 
canal alfo, by means of its Bcilwonh branch, crolTes the 
grand ridge twice. The populous and remarkable town of 
Birmingham is fituate on high ground, near to the grand 
ridge, and has lix canals branching off in different direc- 
tions, either immediately therefrom or at no great diftance, 
and what is fingular, owing to a loop, orfuddtn bend of the 
ridge at this place, no lefs than five of them traverfe the 
grand ridge, either by means of tunnels or deep-cutting. 

When we propofc 10 lay before our readers a more full 
and methodical account than has been given of the Britilh 
canals, on which huge fuirs of money have been expended 
by i'idividiials, and fiom which important and lalling benefits 
have been di lived by the inhabitants in their immediate 
vicinity and by the kingdom at large ; it is needlefs to 
ftate any formal arguments, in anfvvcr to the millaken ob- 
jedions, which were years ago commonly ciiculated, 
w'henevcr a new canal was in contemplation ; Inch as their 
wafting of land, producing noxious and humid vapours, de- 
llro>M]g the breed of onr draught lioifes, lelicning the 
coailing tiaJe and the nnrltry ol ieamtii, injuring old mines 
and cftablifhed works by enabling new' ones to be opened, 
introducing pilfering workmtn and boatmen into the coun- 
See. Sec. To the more ferious objedions, arifing from 
the cutting of eflates and fields in two; the taking of wa- 
ter from mills, Sec , ; interfering w'itli former navigations by 
canals or riven*, and even with roads, on w'hich, in iome iii- 
ilanccs, large turns have been expended, and remain not 
rcimburfed ; to thefe and many others, wc ftiall have tlic bed 
opportunity of replying, when we come to mention the 
equitable provilions which individuals have propofed, and 
the legiflatuie have in fo many inilauces enforced, for fe* 
curing to every one an adequate compenfation for what he 
is called upon to give up. 

General arguments in favour of canals arc fuperfeded by 
the rapidly improving and thriving Hate of the fevcral cities, 
towns, and villages, and of the agriculture alfo near to moil 
of the canals of the kingdom, the immenfe number of mints 
of coal, iron, limeflone, Sec. and great works of every kind 
to which they have been conducted, and to which a large 
portion of them owe their rife, are their heft recommendation. 

Jufticc requires our acknowledging the affr'^iince wc 
have received in compiling this account, from the General 
Hi/lory of Inland Navigation by John Phillips^ from the three 
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«un^bcr8 arc pubUfticd of john Carfs Navhahle Ca» 

vah 0 ^ Grfat Briiaiftf fioni C, Smith* George Allen * and 
Launeand Whittle s maps of the canals, See . ; h-om % Cary*s 
large wap of England^ Wales ^ and part Scotland ; from Ro^ 
hrt Eld ton* s Treatife on Canal Navigation^ from William 
Chapman's Qhfn'vattons on Canal Navigation^ from Jofeph 
Plymhfs Agricultural Report of ShropJIdre^ from Za^>. Alh 
nutds Conjjderations on the Navigation of the Thames ; from 
'Thomas Radejlade* Sy and from Nathl. Klnderky's Accounts 
of the Navigation of Lynn and IViJbccht See. from the Agri* 
cultural and Monthly Magazines, from Dr. Anderfotds Re» 
creationsy from the Annual Regjfery from Thomas Telford's 
Reports on the Caledonian Canal. Cjfc, ; and from the writings 
of others, to whom wc particularly refer. 

To Mr. WilUnm Smithy engineer, of Buckingbam-ftrect, 
London, we arc indebted for many valuable hints and in- 
formation given on many points, as wc are alfo to Mr. Ben* 
jamin Bevan, engineer, of Leighton Bir/.nrd, Beds. 

When it is propofed to form any canal, the choice of a 
flvilful and experienced engineer is an objcdl of piimary con- 
fidcration. AVithont due attention to this objed, many im- 
practicable projects may be adopted, and large fums of 
money may be expended without accomplidiitig any im« 
portant and ufeful purpofc Tn fuggelling the principal 
qualifications that are neceifary for ivnckring perfons com- 
cteiit to be confultcd or employed in undertakings of this 
ind, we fliall merely fpecify fome of thofe that liave in an 
eminent degree dilluiguiflied, or that dill no lefs confpicu- 
oufly didinguifh fcveral of our own countrymen. A Ikilful 
-engineer (hould undoubtedly poflefsa coufidcrablc degree of 
mathematical knowledge. Calculations, of which fome arc 
of the mod abltrufe and laborious kind, will freqitently oc- 
cur j and he (hould, therefore, be well acquainted with the 
principles on which all calculations are founded, and by 
which they arc to be rightly applied in pra£lice. An en- 
gineer (hould alfo have lludied the elements of moft or all 
of the fciences, immediately conncdlcd with bis profcfTion ; 
and he (hould particularly excel in an acquaintance with the 
various branches of mechanics, both theoretical and pradi- 
cai- His knowledge (hould comprehend whatcvci^ has been 
written or done by other engineers, ai.d he (hotild have in- 
formation in every department of his office from an accurate 
examination of the moll confidcrahle v’orks iliai have been 
executed in all the vanoiis circumitances that arc likely to 
occur. It is neceffary, that he (hould be a ready and cor- 
rect, if not a finiffied, draughtfinan. He (liould alfo be 
convcr&nt with the general principles of trade and com- 
xnerce ; with the various operations and improvements in 
agriculture* ; with the interefts and connexion of the dif- 
ferent owners and occupiers of land, houfes, mills, &:c. ; and 
with all the general laws and decifiona of courts, pertaining 
to the objcAs conneflcd with his profeflion. By an exten- 
Jive acquaintance with the difpofition, inclination, and thick- 
nefs of the various ftrata of matter, which compofe the foil 
or land of the Briti(h iflands, he will be able to avoid many 
errors incident to thofe who are dellitute of this knowledge, 
and to have the courfe and caufes of fprings, to which it 
leads. As the laft, thouffh not the lealt, of thefe oualifi- 
cations of an engineer, which we (hall enumerate, we (hall add, 
that he (hoiJd a man of ftrid integrity. If, at this day, 
the afiBsirs of any canal company fiioiud be entrufted to per- 
sons deficient in all or the greater part of the qualillcationt 
aboVe enumeratedi the managers of fuch a company will 
thus incur a ferious refponfibility to the proprietors and to 
the poblic. In this conncAion wc think it right to mention 
an inftitution that had its rife in the year I77** ** 

Society of Civil Engineers,’^ as admirably calculated to cx* 


tend the innucnce of our prefent and more experienced en- 
gineers, and to bring forward to public notice others, wl»o, 
in the courfc of events, are dcllined to feconcl them. For 
further particulars relating to this fociety, wc refer to the 
preface of the (ir(l volume of Smeaton’s Reports, Nicliol- 
lon's Journal 410, vol. ii. and the article Society of Civil 
Engineers. 

A proper engineer bring fixed upon, the adventurers 
(hould not lie him down too clofely, by rellriclioiis as to 
time, but allow him leifure to conlidcr, digell, and revife 
again and again, the different projeifls and ways, which will 
naturally in moll inllanccs prefent themfelves to him in 
an txtenfive and thorough in ve (ligation. '^Ibe engineer 
(hould be allowed to cluife and employ the moft competent 
alTillants, and to call in and occafionnily to confnlt the opi- 
nions of eminent or pra£lical men, as land-fin vey 01 s, agents 
of the neighbouring landed property, the principal and mod 
expert commercial men of the dill 1 id, and ulio are bell ac- 
quainted with its trade and wants, any eminent miners. 
See. &c.; and fuch men the engineer Ihonid be anlhorized 
liht rally, and at once to- remunerate for their ferviccs atid 
intelligence. 

Previous to the beginning of any mint’tc furvey or fyilera 
of levelling, the engineer ought to vifit pvrh nally, and cn. 
dtavour to make a jull ellimate, and prcltr\c men'orandums 
of all the objeds within the dilliitt under conllderat'on ; 
as of the trade and importance of all the towns hkely to he 
affeded by the undertaking, of all mines of coal, iron, Siz. 
quarries of lime-llone, frce-llouc, date, 5cc. or the fituation 
where fuch can be found, of all manufadorics of heavy and 
cumbrous goods, and other extenfivc woiks ; and generally 
of every thing likely to furnifh tonnage for a canal. By this 
time, if the diftrid under conlideration be of very confider- 
able length, more than one, and perhaps fevcrai, different 
routes lor the propofed canal have prefented themfclves ; and 
it will be proper, while the engineer's alfiliants arc carrying 
levels (uliiig good fpirit levels with telefcopic lights) along 
each, and making tough fedions of the ground, or brook 
or river along each line, himfclf to vitit and pafs along each 
of thefe, noting and weighing more particularly the princi- 
pal difiicultics which prefent themfclves in tacit route, as 
fummits or hills to be paffed, or tunnelled through, vallies 
to be embanked acrofs, with uqucdiids over rivers or brooks, 
the greater or lefs plentiful fupply of w'ater, pnrlicnlarly at 
the fuinmit levels, and how far the fprings and llreams of 
water are at prefent appropriated or cfftiitlal to mills or 
gentlemen's pleafurable piirpofcs, or to irrigation, or the 
land occupied by parks, lurnp'kc roads, &c. The advan- 
tages of each route Ihould alfo be as carefully noted ; as the 
(hortnefs of diftance, connedion with great towns, mines 
and w'orks either on the line or by ffiort and pradicable fide 
cuts or branches, the fmalleft number of locks, bridges, 
culverts, &c. In weighing all thefe circumllances, in order 
to determine on the moll advifable line, it ffiould never be 
loll fight of, that a canal is altogether a mercantile fpecu- 
iation, and cheapnefs of conveyance is the grand delideratum 
thereof; where, therefore^ but few, if any, great towns, 
works, or mints arc found upon a propofed tine, and the 
principal objed is to form a connedion between the canals 
of a diftrid more fortunately circumftanced in thefe refpeds, 
and the metropolis, or a great town, as in the cafe of the 
Crand*Jun^ion canal lately completed, it is evident, that 
much ought to be done to obtain the (horteft route that ia 
pradicable : if, on the contrary, the diftrid under confi- 
ndcration has great towns, mines of coal, or great works 
dtftributed about it, fome miles in the total diftance may be 
properly allowed^ and a more circuitous route adoptedi to 
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cn'jbrace as many as poflibtc of tbcfe objefls, particu- 
laily coaL works ; for it has bcni remarked) that the car- 
litip^c of coaU |2fivt8 rife to the principal revenues of molt 
canals ; and feme have even coMttndcd, that no canal 
can anfvvt r to the proprictois uiilefs the carriage of coals 
be hd prir.cipal ohjedt : there are, doiibtlefi, fome exceptions 
tu thii, uilo. It may be concluded, upon the whole, that 
no canal can be complttcd and broiic^ht into life, but the 
inhabitants and tlie agricnlture of t!ic ddhift will fhortly feel 
great bciKik fp>in it, whatever muy he the rtfult tu the 
propiiwtors ; yet in the ilaoc of tlic bnfinefs of which we are 
treating, it is the peculiar duty of the engineer to Ihuly 
the intcrell, and biiiig forward tlie probable advantages 
of the proprietors, fairly and witlicut txnggeralion, in 
ordt r that the fubfciiptioii may (ill, and the uork be en- 
abled to procted. Ik fore detcnuin'n’g upon the route of a 
canal, its connexion with the lu iglibonring canals or river- 
navigations fhould be \^cll coiihd red. and the engiruer 
fliould inform himfelf accurately of llie qiiaiitmn of benefit 
or injury likely to icfnlt to each ( f fncli cxiilmg na\igaiions 
I') the tifciting ot the new one, or how far tiiar nvcifnp, 
or lln<t of i«i:y other Icljcme which iin>y at the time be in 
agiUition, IS likely to cfTeCt the one he is employed upon ; 
in all the pradicable routes, wliich pieftut llRnileives fur the 
new canal. 

The moll eligible route for llic canal being fettled in the 
engineer’s mind, he will then proceed to make a rough cal- 
cnhitioii of the quantity of goods of e-eli dificreiit kind, 
vhich may be exp^dtd to pafs upon the line in a given 
time ; he will alfo txarnine all the canals and rivers which 
the propofed canal is to conntd with, and afeertain the 
vidths and depths thereof, the fizts of their locks, and of 
the vifleLs imiaUy i.avigating them. The engineer wdll now 
h\. able, well confidcriiig the nature of the ground the canal 
is to pafs over, to determine on tlic mod proper dimcnfions 
for the intended canal, and whether the probable fuppiy of 
water renders it pra 6 ticable to effed the rids and falls by 
the ordinary mode of locks; or wdiether inclined plants, or 
any olbci of the expedients which wc fliall more particularly 
enumerate hereafter, Ihould be adopted : or even, whether 
a rail-way, in u'holc or in pait, may not be preferable to a 
canal. 'l‘he mind of tlie tiigincer will properly be ixercidd 
iipo'i tlufe qiK (lions, before a moie ininutt a:.d exptnfive 
fuivcy and planning of any particulHr line are entered upon ; 
bt'caule, the line, thongli palling tioimgh the fame trad of 
counliy, will gener.illy require to be conduded in a very 
different p’‘ R*c for great lengths together, accoiding to 
tlie fize of the piopoftd canal; and inclined planes, or a 
rail-way in whole or in pail, will introduce a Hill greater 
diverfuy in the routes that ought, under the different cir- 
cuinllaiices, to be purfued, 

Robirf Fulion, in liis 4I0. Treatife on Canal Navigation, 
publilhcd at London in 1 796 ; IV'dliam Chapman^ in his 410. 
Obfervations on the various Syilems of Canal Navigation, 
London, 1797; Thomas Tefford^ in J. Plyndey’s 8vo. Ge* 
neral View ot the Agriculture of ShrcipHiirc, London, 1S03; 
Edmund Lfach^ Dr, James Anderfon^ and others in different 
works, have recommended and enforced, upon principles 
more or lefs general and true in their application, a variety 
of fehemes and methods of conveyance, by fmali canals, in- 
clined planes, rail-ways, &c. of whicli w*e fliall take no- 
tice under their proper heads, and of which the engineer 
will of courfe avail himfelf, as far as thev appear applicable ; 
as wtII as of any other inventions, which his own ingenuity 
or that of others mav fuppiy. LQn|r levels may, in fome 
inftatices, be obtained, without inordinate expence ; and wilt 
often prove of great utility, in the faving of the time and 
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trouble of paffing locks in the ncighbourho<»d of great towns, 
as in the cafes of Coventry, which has the beuclU of minct!i:ui 
73 miles of level navigation on the Cevrrity, AJIJy tk U 
Zouc/j, and canals ; and of Mancbefttr, which has 70 

iniles of level water by End^c^irnfo'^Sy and Mcrfvy andTrcrt 
canals, including 12 miles in the tunnel to the dube of Bridge* 
nvjfer*» coal-works in Woifley Hill ; Bhmingliam has 43 
milts of Hill water, by means of the old BJrminghiWu the 
Worcejier and Birviingl the Dudley and the Stratford 
canals ; and this upon fo high a level, tliat the three Liff 
canals crofs the grand ridge in that fpare : Lancaffer and 
PrcHon have 42 y miles of level on the Lanrnjler canal ; 
Wolverhampton enjoys the benefit of a Icvd 40 miles in 
length, on the clJ Birminghantf and fVyrIey and EJln^ion 
canals; Uvcipool has 2S miles of level on tl;-* Lefds oaf 
J/tverp'o^y and BLickbuni, .'4 miles upon the fan. c can.tl ; 
IVviiingUoke has 22 miles upon the BnfnyJl^jle CuxrA Wii;:* 
church 21 miles on x'we EHefmere ^ l)evi7.cs 20 miles upon 
the Kuwei mul Avon; Bottesford 20 miles upon the Gram* 
ham ; Loudon enjoys the of about 19 rides of lev- 1 

to Paddington, upon the Crar.d JuHi\^ion canal ; Glaf^ovv 
jS miles on the Fra ih and Clyt'e ; GlonceHer i.; to have .S 
miles upon the Clouc ler aud //. ;-a '' r ; ShrcvMlMnv ha.-> 17: 
inih-s on \\\\: FJh'Jmcye ; Staiiisfoitli i milet, on the tSV/^/zVy- 
faih and Keadly ; Ahergavenny 14 n.iKs on tl e Brcclnc h 
and Abergavenny; Mc'ikct Hurborougli 13- miles on th ' 
Lekijlerjhtre and Nm ihampUrnfAi e Unh^n; Shrew/biiry IJ7I 
miks on the Sbrevflniry ; and Cromford li miles of loci 
on the Cremford canal. Another benefit will lometimes occni 
from long levels, by the bilnging of all, or of a confiderable 
number of the locks near together, as at Runcorn on 
BridgewafeF^ canal, by wliieli they are more ilTiCiiiall/ 
looked after and kept in repair. Shonhi it be nrcellary ia 
return the water let down by the lockage, again into the 
logher pound by the power of engines., as is done (ui the 
old liinmnghamy the Jiarnjlty, and many rther cni'ali, the 
having of confidc-riiblc falls in one place will be of material con- 
fequcnce ; but Hill moie fo if inclined planes are to l)e iifed 
inlltad of locks, as on the Shropfyire, Shreufburyy and Kd* 
ley canals. In conduding the line of a canal, it will always 
be advifable, if other ciieumlla’ices will permit, to bn’ jg 
two or more locks iitai t%'gclhci, and toered aKick-Iun.ic lor 
the rclidencc ol a caicUil and preper perfon upon the qsot, 
to look after and afiill the h ngemen in working the locks ; 
where this had not been attended to upon fome ca^'nls, but 
fingle locks wcie placed at great dillanccs from each o:hcr, 
the company have, from cxpeiicnce of the damage fiicli locks 
fufiain, foiu d it neetflary to employ great numbers of lock- 
keepers, and often to build houfes for the fiipeiintendaiice 
of tingle locks. Mr. Chapmatty who appears to have well 
weighed tlie queflion, whether large or fmall canals ought 
to be adopted undtrdillVreiit circumHnnees, oWerws, “ that 
the fyHem of fmall canals is particidaily eligible in all coun- 
tries where lime-Hone, coal, iron-ore, lead, and other pOii- 
dcrous articles, not liable to damage from being wet, or likely 
to be Holen, are the objeds chiefly tu he attended to ; and 
where the declivity of tlie country runs tranlVcrfely to the 
courfc of the canal, which will generally be the cafe along 
the tides of mountains, at an elevation above the irregular 
ground at their feet. In thofc fituntions, the great falls or 
inclined planes may be made at the folks of rivers, fo that 
the upper levels may branch up both the vales, and thus 
give the moH extended communication. A fituation fuited 
lor thofe canals will often be found in countries that are not 
abfolutely mountainous, but where the ground regularly 
declines towards the vales of large livers.’’ The principles 
for which Mr. Leach has fo ftreiiuoiifly contended, of re- 
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rcrfing tlic ufual order of bcghining navigations at tlic lowed 
points or the fea, and extending them up the vallica towards 
the fummits, and, inftcad thereof, beginning near the fum- 
mit or foiirce of the water, and continuing the level till the 
greated pradicahle falls are obtained for inclined planes, 
would, unlefs the mod enormous expences were incurred 
for tunnels, decp-cutting, and embankments, prove too 
crooked and circuitous for a ready conveyance, as hap- 
pened on the Budeand Lmmrepm canal, which was propofed 
to parfuc a ferpentine coiirfe of 8i miles, between two places 
whofe diretd diftance is no more than 28 miles ! The long 
level of the Oxford canal, at its northtrn end, of which we 
have fpoken above, appears among the mod crooked of thofe 
canals which have been evecutcd,and is particularly ill adapted, 
to the great throroughfare or communication which it forms 
with other canals. Canals which arc to form an immediate 
connci^tion hetw'ten the Ua or tide-way at didcrcMit places, 
as iW I nverntfs and Fort llTdlanu Gnu an, Furth and 67iv/r, 
the JjU' oj and tlic Ghuafrr and mud be of 

large dimentious, or the principal advantages of Inch a com- 
munication would be unattainable ; in like manner, the com- 
munications bctwcLMi the fea, and docks or harbours, will 
fomc of them require to be of dill larger dimciifions, as the 
CrlhiJhy^ Ulverfiof/Ct Dec new channel, &c. A fyllcm com- 
pounded of *!vaii‘rdcvc/jf or lengths of canal on diilucnt 
levels without commuuication by locks, may fometimes be 
found advifablc, as on the Shro^/trCf Shrevfbury^ Ketky^ 
Lciccjler^ &c. The advantages of being able to conduct a 
canal, in many indanccs, upon water-tight drata, indead of 
rocky or porous foils, and perhaps without loling fight of 
any of the other iinpoitant coufiderations mtiuioued, are 
fufiiciciUly great to induce engineers to become acquainted 
with the anangement and pditiculars of the Jlrata within 
their dillnd, by a minute and careful examination, or to 
call in the aiTidance of thofe bed informed on fiich points. 
We have purpofely omitiecl, till now, to mention the coii- 
fideration of the value or quality of land to be purchafed for 
the ufc of the propofed canal by different routes ; convinced 
that fomelate canals have been materially injured by the nar- 
rowmindednefs of thofe who would avail iheinfelvcs 6f cutting 
through common or low-piizcd land ; even the general 
confidcration of expcnce, m the works of a propofed canal, 
ihould hold but a faboidinate place in the mind of an engi- 
neer in the prefent dage of llic bufincfs, becaufc contracted 
views in this refpeCl may frutlrate the attainment of a great 
portion of the benefits to be expected ; and it cannot be doubl- 
ed that any fcheinc ofeonvo mice will bed anfwerto the ad- 
venturers and the public, v'fjen condudeJ upon the principles 
rood adapted to the cafe, let llie expciice be what it may ; 
and fortunately, the conimcrcii.l and public fpirit, aided by 
the means of individuals collcctivtly in this con* try, has long 
(hewn itfclf equal to any entcrpriy.e l.o\ve\cr bold, where ad- 
vantages can be fliewn mattriaily to pre]){’nderalc. 

In the particular furvey of tlic line piopofcd, all the 
knowledge of tlic mod cxpeit and competent enginters, 
with the mod able aflidantH, will be rcquifitc. The rough 
fc6tion of the propofed line, before tak^n, will enable 
the engineer to fee the places of ilie heights oiid breadths 
of the various fummits, or ranges of high land that arc 
to be palTed, and whcllier any t^^o or more adjacent 
ones can be conneded by a long fup.” . t level, without 
deferting any confidernble town o* point of trade, which 
will ^iminiflt the difHoulties of fupplyiug the canal with 
water, as every fnch junction of piefervcs the 

water of two lockages, bcfides pu io many more 

points at which the canal can be iuppiicd witli water, from 
fpriiigs and rivulets above its kvcl> or where, in lefs favour- 


able fituations, the fame can be coUe^led in a lower level 
be pumped up. The extremities of the principal fummit 
or lummits being thus nearly fettled, it will next be inquiredv 
how far it is pradlicable and advifablc to reduce the height 
of the fame by deep-cutting or by tunnelling, or both of 
them. The advifablc heignt of the fiimmit-level of the ca- 
nal being fettled, if water is not in fufficieiit plenty, a mi- 
nute furvey of both Tides of the range, or ridge which is to- 
be pafTcd, and of all its conncRing heights, for a confider- 
able diftance on each fide of the line, ftiould be made by 
tracing the propofed fummit-level along all the fidts of the 
hills, particularly noting all the fprings or rivulets which 
rife above and crofs this line ; and all fuch ft reams of w'atcr 
fliould be accurately gauged, and the quantity of water 
which they difeharge per day determined ; tlit fame ftiould alfo 
be done* for all the rivulets or fmall llreams that crofs the 
line of the canal throughout its couifc; and ihefe experi- 
merits ftiould be made not only where the fti earns crols the 
line, or levels, but at a confidcrablc diftance above and alfo 
below thofe points, the particulars of which experiments 
ftiould be regularly and formally entered in a book, with all 
the attendant circnmllances, and figr.ed by the parties pre-. 
fent at the making of them ; as the fame may prove of the 
moft important nfe in future, either for detecting any fecret 
leaks in the canal, or feedcis by wliich any of tiiefe ftreams 
may be increafed ; or, in cafe of future claims being made for 
the water, or the diminution thereof by mill-owners or others, 
the company may be prepared, either to make a juft retri- 
bution, or to refift ill-founded or ignorant claims with 
efted^. For calculating the quantity of water difeharged 
through gaiigi-S or apertures of different kinds and dimen- 
fions, theorems ftiould he ufed which make the neceftary al- 
lowance (deduced from exptrimenl) for the form of the 
channels or apertures; fuch will be found in Dr. I'ounfs 
ahftra£l of M. EytiluHnn^B learned Gciinan work on Hy- 
draulics, piinttd 111 the Journals of the Royal Inftitution, 
as alfo in NichoIfoF^ Jourual^ Svo, iii. 25. The furvey of 
the fummit of which we weie fpeaking, ought to be accompa- 
nied by a plan, on which ftiould be laid down the exa6^ courfe 
of every valley and range of hill above the level of irc pro- 
pofrd fummit, with every particular of the nature of the 
foil in each ; that in cafe refervoirs theiein ftiould be found 
neceftary to collcCl rain or fj^ring water, the ncccffary ex- 
tent and piobable fupply of fuch can readily be determined 
at a fubfequent pe’riod. From one end of the propofed 
fummit-kvj.! it will be right now to proceed with the fur- 
tey, tracing the L'vcl accurately and marking the fame by 
pegs or ftakes, that w-ill kill for fomc time, and be known 
by the furveyor, who is to follow and make a plan of tlie 
line; the levels being frequently transferred to what are 
called bcnch-maiks, upon the inmk of a tree, a large poft, 
or a building, the fame being noted fo particularly in the 
iit-ld or furvey-book, that thc\ may be readily found for ycats 
afterwardr. "We Tupoofe the engineers, by this time, to 
have fettled ilie life that each lock ftiould have, according 
to the dimenlions adopted for the canal, the probable fup- 
ply of waur on the fummit, and other circjmftances ; the 
fiimrr.it-lcvel w'ill be traced as above, till the proper place 
occurs for making a fall of tw*o or more locks, at about 
100 yards or a little more from each other; and the places 
of tlicfc fails being ma’-ked, the level is again to be pu Tued 
and traced from the bottom of them, and marked oc^ as 
before, till the opportunity occurs for another pair or more 
of locks, or till fomc obftuclc, as a gentleman’s park, houfes, 
gardens, orchards, mills, roads, See. prefent themkives at 
a diftance 5 when it will be proper, atter referring the le- 
vel arrived at, to a proper and permanent mark, to p^oqiped 
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forward', and to cxnnune and well confider the different 
ways and lovely, if more thnn one of fuch prefent themfelvcSi 
by which the obltacle can be paflVd. From the moil con- 
fined part of the courfc for the cunal, owinp^ to the obflacle^ 
it will be right to level back, till the former work is met, 
and, ill many inftances, confidcrably overlapped, in order 
to determine the moll eligible mode of bringing the two 
levels together, upon the principles before Hated, if they 
can be applied, lithcr by adding another lock, or tak* 
ing one from any of tlie fct'< of them which had been before 
marked out, as occafion may require, and marking out the 
new levels thereby occalioncd : the line between the fummit 
and the firlt obilacle, or confined part of tiie couife, being 
thus adjulled, a new point of departure is to be taken from 
fueli obilacle, and the level purfiied as before, till the fall 
for a pair or more of locks can be gained, at the proper 
diilunce fioin each other. It is probable, that but few lets 
of locks can thus be detennined upon before fome new, and 
perhaps more formidable obftacle will prefent itfelf, which 
it will be iieeclfary to break olF for, and proceed forwards 
to confider, and to obviate as before ; or the new diffi- 
culty may confill of fome coiifiderable lateral valley coming 
into the one which we arc fuppofed to be puiTuing, which 
may occafion an infurmoiintable or unadvifablc length of 
embankment and atpiedudls nccelfary, in order to pafs* it ; 
or h)me gcntlemairs feat, mill, or town, may be found fo 
completely occupying that fide of the valley down which 
tlie line was proceeding ; that the tnginetr may lind it nc- 
ceffary to go back and revife a great deal of wliat he had 
done, perhaps <piite up to the lummit, and perhaps to take 
a new courfc down the other, or oppolite fide of the valley, 
or at Icall to determine wliere, with the leall expcncc of 
embankment and nquedu<f'\s, the valley can be eroded to 
gain the oppolite fide. 'Fhe places of the different fets of 
locks, or of lioglc ones, if they cannot be avoided, and the 
line between each being adjulled anew, we will fuppofc the 
work again to proceed, till fome new obilacle prefeiits it- 
felf ; this may be either a total change in the courfe of the 
valley that the line was purfuiug, fo as to render it iieceffary 
to begin to mount fome other valley towaixls a new fummit ; 
or fome gentleman’s park, wh«) is adverfc to the meafure, 
may fo completely occupy the valley, down which the en- 
gineer is intent Hill upon purfuing his courfe, that it may be 
neceflary to fcarch out for the niofl eligible place for tuii- 
Hclling through the hill into fome adjacemt valley, which is 
about to fall into the main vallcv. An inllauce of this lat- 
ter kind occurred at King *8 Langley upon the Gran// Juntlion 
canal, where the firtl A 6 l provided for a tunnel of near half 
a mile in length, in order to avoid Cafliiobury park : but 
the fame has fince been altered, and the courfe of the ca- 
nal continued through this and fome other parks, conlri- 
bating not lefa to them in point of ornament than to the 
public in utility. It may happen, in cafe of a cliange of 
the direAion of the valley, rendering it ncccflary to leave 
it, that fome other valley may be at no great di (lance, into 
which the canal mud be conveyed by a tunnel ; and in order 
to render this pradicable, it may be nccelfary to go back, 
smd condu£t a good deal of the line that had been done 
upon a new and much higher level, by omitting fome of 
the locks, in order that the level may be conduced tlirough, 
and fupply the propofed tunnel : in accomplilhing this, the 
fonner obUacles may recur again, or new and more formi- 
dable ones may be prefented. In this way, the patience, 
perfeverance, and abilities of the engineer mud be exercifed, 
until a pradicable line of fome length is obtained, and 
ftaked out ; when the afiidant land forveyor mud follow, 
and make a corrcA and particular plan of the line of the 


feveral propofed locks, embankments, tunnels, &c. upon 
the fame, and of the feveral fields or pieces of land ibrouth 
which it pafies, or that come within loo or 150 yards of it 
in any part : it will likcwife be the buiinefs of the furvtyor 
to afeertain, with the utmod care, the boundary /f evuy 
parilh and townlhip, what county each is in, the proper 
names of the owners and occupiers of every piece of land io 
each, however fmail, upon or within that dillnnce of the 
line, with reference to the fame upon his plan ; and to dc- 
ferihe corre^lly all public and private roads and paths thoc 
crofs or intcrfe£l the line, and to and from what places they 
lead ; the courfc of all brooks or dreams of water, and par- 
ticularly fuch as lead to, and contribute to ilic fupply of 
any mill : the fituation of the hnufes and towns upon the 
line, or within fome miles of it, Ihould alfo he determined ; 
the nearer they arc the greater accuracy will be ntcellary. 
We will now fuppofe the engineer proceeding witli the line, 
from the end of a tunnel into a new valley, the courfe of 
which downwards is in the proper diredlion ; tlie fame pro- 
ctfs is to be repeated as was purfued in defeending from the 
hrft fummit, until this new valley changes its diadion, or 
until fome ufreat town or work has been reached, and it be- 
comes ncceniiry to change the courfe of the canal^ and be- 
gin to aicend fome new valley or plain towards a ntw' fum- 
mit, or to\\.ards fome mine or work, at which the canal is 
to terminate : to the new fummit it will be ncced'ary to pro- 
ceed, and after fettling the height of the fummit level, and 
taking all the preparatory (Icps for afeertaining the fupply 
of water, and other circumdanccs of this fummit, as de* 
fenbed rcfpc6ling the fird, the levels will be traced from 
tins fummit downwards, working backwards or up again, 
as often as obdaclcs may render it ncceffary, until the for- 
mer work iu the valley is met, and a proper junctlion of 
them contrived : the whole of this part being adjulUd, the 
lurvcyor may proceed as before, with bis plan and particu- 
lars : while we fuppofe the engineer returned to the fird 
fummit, and from which he w ill condii^l his line, and avoid 
the obdaclcs thereon, in the bed way that his ingenuity 
can fugged, until he arrives at the navigation or fea-port, 
at which his canal is to tenninnte, and where bafons or 
docks, more or kfa capacious, nccording to llic cxpedlcd 
trade, and wdiarfs, cranes, and other conveniences, may w^ant 
planning, for the accommodation of the traders and the 
public : all which the furveyor will proceed to furvey and 
plan, as before mentioned. It may be ncceffary to remark, 
that every town, mine, or work, which happens to lie 
higher than the line, and to which a collateral cut is to be 
carried, mud be confidcred as a feparate fummit, and pro- 
vilion for fupplying the lockage thereof mud be made, and 
fuch of the examination before deferibed gone into, as may 
appear iiece(rai*y ; fuch towns, &c. as lie below the line, 
and are to have cuts or branches to them, will require 
water to be let down out of the line to fuppiv their lock- 
age ; on which accounts, it is highly defirablc, whenever 
the fame is praflicable, to condud the line upon fuch a 
level, that the collateral cuts may be upon the fame level, 
by which the trade thereon is much facilitated, and left 
water required. 

A complete plan of the line, and all the projected colla- 
teral cuts, feeders, reftrvoirs, £cc, being fitiifhed, the en- 
gineer will enter on a mod careful revifal of ibe whole 
icheme, with this plan in his hand ; on which all the places 
where culverts or drains will be required, ate to be marked, 
as alfo the proper places for the biidges, and the ncceffary 
alterations of the roads and paths, which will be cut off by 
the canal, fo that the public may not be inconvenienced and 
turned long diftances round al^uti and ftilli that as few 
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bridges as poflible, attd thofc in the lead cxpcnfivc places, 
may be erected. In fome inftances new channels will 
quire to be cut for brooks and water-courfes, to a confidcr- 
able extent^ in order to fave culverts, or bring them to the 
mod defirable fpots. For proper fecurity againd accidental 
errors, the wliole of the levelling fliould now be gone over 
again, and the fcvcral bench-marks compared, and renewed 
with the' utmoft care by the engineer's aflillants, while he 
is proceeding with the ncceffary inquiries and calcula- 
tions, for an eftimate of the whole cxpcncc of the under- 
taking. 

In a great number of in (lances it will be found, that the 
fupplying of a canal with water, occalions no inconfidcrablc 
(hare of the whole expence, citlicr in the firft cod of mills 
or dreams of water, in land for, and labour iu, conftriidling 
refervoira, engines to pump up water, &c.; or annually ever 
afterwards, in the fuel for, and repairing of, engines, hire 
of water from mills in dry feafons, &c.; this fubjedl (hould, 
therefore, employ the mod fedulous attention of the engi- 
neer, both to make the mod economical ufc of what dreams 
he finds, to procure other fupplics of water at the lead ex- 
pence, but above all, to fecure an ahuiidant fuflicicncy. The 
dimenfions and height of the locks, and breadth of the canal 
being fettled, an accurate calculation made of the quantity 
of water required to fill a lock ; and, with the larged pro- 
bable number of boats that will pafs in a day, the quantity 
required daily in every part of the canal ; this, with a due 
allowance for the evaporation, from the furfacc of the whole 
canal and its refervoirs, and for the foakage that will take place 
into the banks, however well they are condru6lcd ; will (how 
the number of locks lull of water that will be required, from 
all the difl'erent fourccs. We have fpoken of the deps pro- 
per to be taken for afeertaining the whole fupply that can 
be had above the fummit's level ; and it will often be ncccffary 
to make a iiinilar invedigation, on points below that level, 
and to condrudt refervoifs in fiich iituacions, to fupply the 
ncctllary lockage, for local trade upon the line, near any 
great town or works, which docs not extend to the fummit, 
as alfo to fupply the evaporation and foakage of loty lengths, 
in fituations where feeders or fprings cannot be taiten in by 
the way ; another ufc of refervoirs in Icfs elevated litua- 
tioiiS may be, to compeulate mills that are iower down 
the dicams for the water that is taken for the life of 
the canal from the higher branches, or near the fouices 
of fuch H reams. For Mr. IVilHim obfervations 

on this fuhjtcl wc refer to William Pitt’s General View of the 
Agriculture of Stafforddiirc, and to the Repertery^ vol, iii. 
p. 243. 

There appears no reafon, under the prefent date of things, 
wliy the owner of a mill or dream ot water diould not be 
compellable to part with the fame, for the purpofes of a 
public canal, any more than another man to part with his 
field, except the accommodation which the public receive 
from fuch mill; and where the fame, ora fuperior accom- 
modation, can be enfured ro the public, furcly this fpecics 
of property ought to be put upon the lame footing with 
land iu general. Sec Dr. James Mdarfon's Eifcys, voJ.iii. 
p, 68 to 76, 

It ought to be confidcred, that the prefent date of our 
canals and inland navigations, and efpccially the ex tendon 
of them, which wc are now fuppofing, remove one of the 
principal objedions to fteam engines, by enabling new mines 
of coals to be daily opened, and the produds thereof, as 
well as of the old mines, to be regularly and cheaply con- 
vened to every fituation where engines can be wanted. We 
would not, however, be ioppofed to recommend the anoihi- 
lUtion of watcr-millsj on tbc contrary, it bath long appcaiied 


to 118, that their number and their power might, in feme, 
and perhaps in mod indanccs, be greatly incrcafcd, and 
yet all the purpofes of canals be fully anfwcred, and thofc 
mod capital improvements of irrigation and drainage at the 
fame time extended, to very large trads of land ; for this 
purpofe it would be nccelTary, that an entire valley of con- 
iiderable extent, that has a good dream of wai ; through it, 
as the Cofne^ or the Lea near London, for indance, fhould be 
put under a fydem of improvement. A thoroughly com- 
petent engineer being employed upon fuch a work, would 
be able to condud a canal rather of large dimenfions per- 
haps, along one fide of the valley downwards, until three or 
four locks, or a fall of 20 to 30 feet was obtained ; and, 
the water in the pound below fuch fet of locks to be a fmall 
didance below the level of the furfacc of the ground, in the 
lowed part of the valley at that place, as this would enable 
the whole dream of the river to be taken into the next Icngtii 
of level, as often as occafion diould require it : this new 
level would be traced, until, by the fall of the valley, it has 
reached the fides of the hills, and proceeded with until ano- 
ther fet of locks, three or four in number, can be obtained, 
and a defeent made again to the level of the lowed point 
of the valley : this procefs to be continued through the 
whole length of the valley, under improvement. The next 
confideration would be, a deep and . (TcaJial dram, to be 
carried up through the whole length of the vallty, purfuing 
the lowed ground, and the middle of the vallcv nearly, in 
fuch parts where the hills on each fide rife equally abrupt ; 
but where, as often happens, the defeent to the valley on 
one fide is very fudderf and deep, and on the other fide long 
and gradual; in all fuch cafes the drain (hould be conduaed 
nearer to the abrupt than to llic eafy fide of the vale, be- 
caufe here the peat or alluvial matters, with which fuch val- 
leys are choaked up, will be found the deeptil, and the 
fprings in the gravel nndenuath fuch peat, the inofl copil 
ous and the molt confined ; the new drain ought, in ge ni ral, 
to reach the gravel under the peat or filth ; and where this jluill 
be found impradticable, large auger holes ought to be b(,red 
at fiiort didanccs from each other, quite through trie con- 
folidated peat and filth, to the gravel, to fet the confiiicd 
fprings therein at liberty. Thefe principles of draining a 
boggy valley we have feen fncccfsfully praaifed in the vii- 
lage of Crawley, below Wooburn in Bedford (hire, by an 
agent of the late worthy eluie of Bedford, 

If the fall in the new drain Ihould be found very confider- 
able, the fame mud be reduced, by placing weirs or well- 
falls at proper places, to let the dream down in an harmlefs 
manner, which would othervvife difplace the gravel and fand 
under the peat, and the fame would cave in, fo as to fill 
up and dedroy the drain ; another excellent ufc of thefe 
well- falls or weirs will be, to fiirnifh fo many points, where 
the whole dream, including the fprings, can be taken out 
to fupply the uuper end of the levels of the canal before men- 
tioned, or for the purpofes of irrigation ; as was intended and 
provided for, in the Crawley vale that we have been fpeaking 
of. To all the exifting mills, which arc not too ruinous or 
badly condrufted to be worth improving, the channels to 
the water wheels (hould be deepened up from the main drain, 
or, perhaps, in mod indanccs, new and more dired ones 
cut. It will now be practicable for the engineer, in molt 
if not iu all cafes, to condrud an overfhot water-wheel upon 
the fame axis that before carried an under Jbot one, turning 
the fame way and with the fame velocity as before, fo that 
the internal machinery of the mill will need no alteration • 
and the re^uifite quantity of water for working thefe new 
wheels, which in mod calcs will be inconfidCrable, may be 
conveyed from the canal on the fide of the adjoining hill, in 
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aquedn^ii or elevated trough* of no very expenfive conftruc- 
tion, perhaps of call iron, or in pipes, wliich may be con- 
cln^td under ground, and rife up to fmall r;.fervoir8 or pen- 
troughs above the wheels. As many of the mills will be 
found fituatcd on the oppofite lidc of the vale from the canal, 
it ma\ be proper and advifnble in moll cafep, to conftru^ a 
cut or water- cat riage of fiilHcient dinn nfior.s, and with a 
very flight f.ilK along that other fide of the vulc, beginning 
freqiKutiy at the weirs or well falls in the main drain or new 
brook, and purfuing the level nearly, as far as is found re- 
quifite ; which cuts will much extend the benefits of irriga- 
tion, and give opportunities, perhaps, of conllrudling new 
mills, with over-lhot wheels of large diameters and propor- 
tionate power, to be fupplitd therefrom. In like manner, 
fcveral new and powerful ovtr-fhot mills ma) perhaps be 
conftrufted near to the feveral fets of locks upon the canal, 
without endangering the fufficiency of water for the lockage: 
this prafticc of uniting navigation and mill improvements at 
the fame time, we w^erc much pleafed to fee enforced by 
Mr. Thomas TelJonU in his Rrport of i8oi, printed by order 
of parliament, upon the intended Jnvernefs and Fori William 
canal, p. 4^ : and the fame has been fuggeded as an appen- 
dage to the Woolverton embankment on the Grand Jundion 
canal ; fee the Agricultural Maga%ine, voh viii. p, 24. New 
and improved mills may often be con(lru6f ed where the point 
of a hill at a great and fudden bend of the river can be tun- 
nelled through, from the river on the upper fide, as appears 
to have been done at Shrew fbury on the Severn^ and at Stan- 
ley on the Tay rivers. 

Where the in.w drain or brook courfe conne£fs with the 
levels of the canal in the improvement of a Vtdlcy, as above 
propofed, if floods arc to be apprehended, or the water is 
ever found very thick and muddy, weirs or over-falls fuffici- 
cntly large to let the flood efcape down the drain mull be 
conitruAed, and Hop-planks provided to be put down acrofs 
the canal occafionally, or a lock capable of a very fmall fall 
i.onftrinflcd, to be occalionally iifed, to prevent very muddy 
waters from entering the canal to flit it up. It will fre- 
quently happen, that brooks which are making their way 
liiicrally into a villcy under improvement, may by an altcr- 
tion of their channel for fome dillancc up the collateral valley, 
be br mght into the canal in places where a coniidcrable ele- 
vation on the fide of the hill has been attained, in fuch cafes 
a circular weir or well-fall fhould be conflruCted in the centre 
of an enhuged part of the brook, before it arrives at the 
canal, as has been done by Mr. Janifs Brtndley^ ui the 
moulii of Mcdlock brook at ManchtfUT, on Bridgewater*^ 
canal ; a provifion for Hop planks, at the jundiion with the 
canal, will alfo be proper, to be enabled to turn i\cafional 
muddy water down the .veil fall inllead of into the canal. 
In order to prclervc 4 fufEcient .devatiou in the watcr-courfe, 
for "npplying of mills, or for irr gation, after the canal has 
ilrfceiid .d a frt of lock«, and coafcqucntly t<JO low fur this 
piirpofc, act.L or wnu r- carnage may be taken out of the 
fummit^sltvcl, and cai ned on along the ndr ot the hill with 
3 proper fad, as far as may be ncccfl it-y. This fyilcin. of 
improvement in a valley, is capable of ‘ ng combined with 
an .xic Ive ippiicali.iu of rclcrvoirs, for equalizing the 
head ana i:ollatt;ral dreams which fupply fuch valley, as re- 
commendi.’ >, Mr. W, 

1 , t .d where the laim or park owners cannot be brought 
to CO', v iir in a general fyftemof improving a valley, it would 
often be v ortl while for a canal company to obtain power 
from the wgiflrture to purchafe <*11 or moH of the milro in a 
valley, through which their canal is to pafs, paying, in the 
firtt inlUiice, the uimoft value for them j and being alfo 
I^und to ete^t the fame onmber of mills^ of equal or fu« 


perior power, and adapted to the fame purpofes, to be flip- 
plied from higher levels in the manner wc have been deferib- 
iiig; fuch new mills to be offered at a fair price, to be 
fettled by indifferent perfons, to the owners of the adjoining 
old mills, before the f«inc arc dilliii'bed in the nfe of the old 
mills ; and in cafe of their refufal to purchaft > the fan^e to be 
next offered to the perfons who may be tenants to the old mills 
(in order that they may not be thrown out of employ); and 
then to any other perfons inclined to become pnrehaftrs, on 
fuch terms as they and the canal company could agree 
upon. 

Sometimes it may be pra6licable to make a bargain for 
taking weekly into the canal, a ftream of water which fnpplics 
a mill, only from Saturday night to Sund-iy night, paying 
a 6xed rctit f(>r the fame, to be feciired by the a£t ; an in- 
ftance of which occurs upon the Montgomery canal. 

'I'he fnbje 5 t of fupplying water for a canal having been 
amply illnlfiated, we lhall now return to the revifal of the 
fiirvey, and making an eflimate of the expcnce of the under- 
taking, on whieli we fuppofed our engineer to be employed. 
In rcvifing the furvey of the line, it may be proper for 
the engineer to eaiife holes to be dug at certain diflances, 
as deep as the canal will require to be cut, or deeper, to in- 
form himfelf more perfeftiy of the foil to be cut in, and the 
expence attending the fame, noting particularly the height 
to whicli fprings may rife in the feveral holes. And here it 
may be proper to notice a very common error, into which 
the perfons entrullcd to execute canals have fallen, in 
fuch parts where fprings appeared beneatli the furface in the 
cutting, by concluding that the canal would make water, 
as they term it, in fuch parts, and that puddling was 11117 
ncccffaiy ; but where too ofltn it has aficrw’aids happened, 
that fuch fprings, from having a variety of other vents or 
outlets, at or very near to the fame level, and were, therefore, 
incapable of being dammed or raifed mueh higher than they 
then appeared ; when the canal has come to be hlled wiili 
w'atcr to a higher level, the courfe of fnch fpiing.^ has been 
reverfed, and the porous Hrata through wh.icli they pafled 
have ferved to abforb and difeharge the water at other places, 
to a very fatal extent, Laiul-lprings, or fnch as run only 
in winter, have generally the fame cflld, and in fnmmer as 
copioufly take in water, when their own fonree fails, as they 
before difchargcd it. The diflicnlty of puddling or lining 
out fprings, on account of the powerful effort they make to 
force their way through the lining, as long as the canal re- 
mains empty at firil of water, will induce a careful engineer, 
to endeavour to avoid, if pradicable, ail fprings that w'ill 
not at all times rife to a higher level than the w^ater is to 
Hand in his canal. It will be part of the bnfinefs of this 
revifal of the line, to ixaniine wdiat can be dotit to llraighteii 
the canal, we mean as to fudden bends, by ftnall lengths of 
deep-cutting, and others of embankment, to correft the 
plan accordingly, and to eflimate the extra expence of all 
fuch works. The lengths and folid contents of the feveral 
embankments, and the dillance from which the Huff or foil 
miiH be fetched for the fame ; the lengths and diinenfions of 
all the deep-cuttings, and the diHance to wliich the Huff 
muH be removed ; the lengths of the tunnels, and number 
and depths of the feveral fliafts or tunnel-pits that will be 
neceflary ; the lengths of headings or foughs that will be 
w^anted to drain Uie tunnelling w'orks ; thefe, and all the 
great variety of other works, fome of which wc have aVeady 
mentioned, and others that we (hall haveoccafion to mention, 
in the fcqiu 1, being particularly Hated, and prices fixed to 
each fpecies of work and kind of material ; and theie prices 
ought by no means to be belov. the current prices of the 
beft. lutides of the kind nt the timci but due allowance 
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ilioiild alfo be trade for the advance of priccsi which will 
take- place during the execution of the work. The total 
probable cxpcnce, with a due ullowaiice for contingcncic8» 
being thus obtained, the cnginctr will prepare hi» general 
rcpoit and ellimate, to be laid, with the plan, before a 
meeting of the adventurers or piopi^fcd proprietors. 

'Hie next ftep in the pjogrels of this bulincls, after the 
appointment of a folicitor of competent legal knowledge, is 
an application to parliatncnt for an act, empowciing the par- 
ties concerned to complele their undertaking. 

From the tarlicll timts, the piirli.inunts of this country 
have found it ne<\fraiy to ad4)[it ccrtaiti Handing-urdcra, or 
general rules, to be ohferved by the parties who applied 
ibrany aft of a local or private nature; and ihefe fecin to 
hiivc guuled the et)n(hift of e n.-»l projeehos, till tlie number 
and variety of fueh application.s (hewed the neexfTuy of ad<»pt- 
ing,'on the 7lh of May 1) 04. thirteen fpeeial refolutions, 
a> ihinding ouKrs, relating to the introduftion and palling 
thiongh the hoiife of comruosis, of any afts for navigable* 
Caiial*^, or acpiednfts, or for the navigation of rivers; loiliefc 
another was added on the K'lth June* 1 79 j, refpeeling in- 
tC5 ded refervuli and feedeis to a eanal or l avigation ; and 
another on the 5th June 1 b’rincr orders to 

r.iil-wiys or diain roads as far as the fame arc applicable. 
’Idle lionfe of lords have a neinly fnnilar fet of (landing or- 
ders, and one rv opiiimg a lidUcient munber of copies of an 
engraved map of the intended canal, &c. to be delivered for 
the life of each member of that houfe. 

4'he inimber of claufes, lelating to the conflruftion and 
manageme’iit of a canal, are neeclfarily very nuittcrous, and 
it were much to be widied, that the propofition of Mr. "J'ihn 
ChnutK in ftveral periodical works, for a general canal aft, 
to contain all their general claufes and provlfions, in the 
f one way as the general liighway and turnpike adts, and the 
guK-nil ru'li)fnre* aed, could be accomplidied ; it would much 
(iunteii and limpldy the bidinefs of eanal adta and manage- 
inent. Another general mealure, relating to csiuah, we beg 
here* to meiithin, although the application to purUameiit in 
the feflion jail now paOed ( 1803) did not prUvc fucecfsful, 
we me*an the propofal for a cd/iul for tailing 

a large fund, to be invciled in fliarts ol caiiaU t«ot yet 
hal hed; and for lending miniey at iiiterell, to fuch canal 
e'oirpanie’s as may itquire it, to ei ablc them to complvtc and 
rt^nder tliiir feveral e'once'rns more gjenerally bcnyficial. 

Mr. Clui/nniNt whin fpeaking of the navigations 

of America, fays, (Ohfei vulions, p. 64,) It will be ad- 
^ifal)le ill a rifing country, to lay out the lines of canals ap- 
proximately on its (irft fettlemeut ; referving a |>roper width 
for tliim, in the original grant of the lands, with power to 
txehange the land of that line, for any other found more 
coMveuient, <ni a full iiiveUigatioii ; and thus avoid all the 
dtdicnlties attendant on thofe lueafiires in Kngland.” Dotfs 
not the period of tlie inclofnre of a pandi here fiirnidi the 
fame opportunity of conlidering the eligible line for u canal; 
and of fo contriving the allotments that very few, or per- 
haps only one perfon’s land may require to be cut into, upon 
the adoption of fuch incafures, and that without cutting up 
or deranging iho fydeui of his or their ellatc We were 
Iiappy to fee thi‘> idea afted upon, as far as irrigation is coii- 
c-cnied, in the parifli of Maulden, in Houghton- Regis near 
Dunilable, (into W’liich a cut from the Gnim/ juuefton canal 
was propofed to be brought,) and in fomc other parilhes in 
lh:d(ordfhire, about the year ryy;, by the late duke of Bed- 
ford’s agent. 

One of the firft obiefts of a canal aft is, to incorporate 
and make a body politic of the proprietors, bv a certain 
unm and ftylc, by which they (hall have perpetual fucccflioii 


and a common fcal. and by which they may fiie and be fued, 
and have power to puivhafc lands, to them, their 
and afligns, for the ufe of the undertaking, without in- 
curring the pcnaltiis uiid forfciuins i»f the llatiiles of im*rl- 
main ; and to t'nahle the company to fill any lands fo pur- 
chafid. 4 'he fcleftion of the mnm. for a c.nial, is of nioiv 
confcqucnce than would at lird light appear. Since canal 
and raibw'ay C()mpanie.5 liave nmlliplied fo very much, it i.- 
nicelUny on all oecalion.-i to adliire to and ufc tliilr incor- 
porate purlimmnf ary u.mus, a circundhince which lias not 
been attended to fnlfit iiiilly , but fueh a variety of iiaiiHS 
have been ul'ed, i:i tlie [united accounts of events upon or 
relating to our canals, that it is often impofliblc to avoid 
niillakc s. 

It has been iifiial ti> eiuihle the company to raife a fixed 
film of money, cipial to i»r cseeidiiig t!:e total i (limate of 
cxpencts, by fiibleniitioM or (hares; and, in cafe of this piov- 
iiig i'!adc(iuate, to borrow a luither fixed funi upon interdf, 
or on mortgage of the to!!?. The many ami expenfive afts 
of pailiamenl ih.a eanal lonipaines hnve bieii obliged to ob- 
tain in the cuiiile of their work, for poweis lo laifc fiiither 
fums. and even for regulating and enforeiiig t!ie mode of 
railing the fmns lirll authorifed, fiicw the i tii llity of the en- 
gineer and folicitor paying great attention to this point, and 
to be careful to api)ly for paw ers fuflieiently ample. 

The ufual amoniit of fliares in canal companies is tool, but 
iiilLmces of 50I. fiiarcs, and others of lei's or greater value, 
occur in feveral of thefe dlablilhments. Ijiefe circum- 
Itauccs ought always to he paitii'ularly attended to in com- 
paring or quoting the prices of fliares in difleient concerns ; 
and wc ihongly recommend all future fliares to be tool, 
ones, cfpeciallv a.i ihe legiflature will permit of half fliares, or 
even lower divilioni., dow n to the eighth of a (hare, as appears 
ill the Grand Juiulion aft, 43 (J;o. Ill, 

'I'o prevtilt the inlcrdl of any iiulividnals from preponde- 
rating, and to incriafe the lum.bi r c.f pci Tons having an in- 
terdl ill the fuccelr, of tlie iiml 1 taking, it Imk hicn ufual to 
limit the nuni!)cr of fliares wliich any individual can hold, 
indvr forfiilnrc ol all abfiv-: that number, except they came 
to him nr her by will, ma»r:age, or other legal procefs, 

'riie eketion of a commiuie of management, and all qiicf- 
tions agitated in the company aic decided by votc.s, not jicr- 
fonally, but Pceording to the nninber of flun cs In Id by t»ich 
perf)n, to a lim icd extemt, and ufiially two half fliares carry 
one vote. Tlie nlual brniralion lo prevent any individuals from 
poflifling too gicat power in the company i.', that ro moie 
than 15, or fonn times 20 votes (liall be given by one perfon ; 
while in the ivatjilc under J ,inc only 6 vi tes arc allowed ; 
and in tlie Croydon^ Peak fonjly and Thames and Mcdivay^ 
no more than 'J votes can he given by any one* proprietor. 

Geiu’ial ine*etIni;-» of all the pioprictors are* provided for, 
on any important occafion, as well as annually to cleft the 
committee and officers. 

Frovilion Ihould be marie for progreflive calls on the pro- 
prie'tors, by the* comniittec, for tin ir feveral fubferiptions ; 
thefe fliould be on ashing notice as is eligible; but they muft 
be prompt and llridly enforced, or the progrefs of the w'orks 
will fufTer, 

The eiiaftmcnts relating to piirchaliug of lands, and afccr- 
taining the value thcieof, where the paities and the com- 
pany’s fervants do not agree, by means of thecommiflionerg, 
w’ill be needfarj^, who generally coniill of all the confidcrablc 
laiubowiicrs or the county, or of a jury to be impannellcd 
for fuch purpofc, iluTe ought to be very clear and exjdicit ; 
fo fliould the regulations and forins for felling and transferring 
(hares :u the concern. 

The mud ample powci*8 fhould be given to enter upon, 
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and digi atid conllruA» both the permanent and all tempo- 
rary works which may be nccefTary ; with provifions, in cafe 
of refufal, to accept the compcnlation offered for damage ; 
that the commilfionera ora jury fliall fettle the fame without 
delay or further appeal, except, in feme indances, to the 
next quart er-fc(Iiou of the county. 

A claufe is generally inferted, confining the company to 
the line that is laid down in the plans that have been de- 
pofited with the clerk of the peace and with the houfe of 
commons, or within certain limits on each fide thereof ; the 
nfual deviation diftance allowed is loo yards ; however, 
many indances have occurred, which (hew how very im- 
portant it is to the proprietors, that the line of the canal, 
and every probable caiife tor the neceflity of deviation, fhoiild 
have been thoroughly examined and weighed by the engineer, 
and the line ultimately adjufted, before the plans are com- 
pleted and delivered. 

The prudent precaution of the legiflaturc, has always 
limited the width of land wliich canal proprietors have been 
empowered to purchafe for their canal, in ordinary cafes, 
without the free confent of the owners ; this has been 26 
and 30 yards, in the greater number of indances, but in 
others the fpacc allowed for the canal towing-patli and 
fences has been lefs or greater, according to circumdances. 

Where wharfs, docks, or bafons, or places for barges to 
turn and pafs each other, or where deep-entting or embank- 
ments arc required, it has been ufual to allow 100 yards in 
width to be purchafed ; but from this allowance there have 
been occafional deviations. 

Except in fomc rare and peculiar inftanccs, like the London 
Docks in Wapping, the parliament will not give to any com- 
pany the power of purchafing houfes or other buildings, 
gardens, orchards, yards, parks, paddocks, or plantcdl walks 
or avenues leading to any houfe, except the previous confent 
of the owners thereof be obtained ; and where this has bem 
got, it is the fafed way to infeit a lift of all fuch owmers, with 
a defeription of the property they have agreed to give up, 
as a fchedule to the hill : and the fame of all material con- 
trails for mills, dreams of water, or fprings, which the com- 
pany may have made. Houfes built, or orchards, 3 cc. made as 
obdrudiions, fincc the furvey was made, and notices given, 
will not meet with the fame proteflion ; and a claufc ought 
to be inferted to put them upon the fame footing with lands 
in general. 

rowers (honld be given for creiling public wharfs, and 
for demanding and enforcing certain equitable rates of 
wharfage for goods, according to the length of their con- 
tinuance on the company’s premifes. 

The toll, or rates of tonnage, which the traders arc to pay 
to the company per ton per mile for the liberty of navigating 
upon the canal, or its various branches, rail-ways, or inclined 
planes, require the moft deliberate confideration, that every 
ipecies of trade may pay its proportion, and none be dii- 
couraged or kflened by the expcnces of conveyance 

In fome cafes provinon has been made, that when the net 
proBts of the concern exceed a certain rate per cent, the ton- 
nage or tolls diould be reduced. 

There have been exemptions from tolh, on feveral canals, 
in favour of oIBcers and loldirrs on their march, with their 
horfes, arms, and baggage. Timber for the ufc of his ma- 
jefty’s navy, and government (lores of all kinds fometimes pafs 
t oil free ; fo do gravel or other materials for the making or 
repair of roads in moft inftances. In fome cafes, canab have 
been projedut principally with a view to tonnage on lime, 
and other manures and agricultural objeds and produce ; 
but with this exception, it has been ufual to allow lime and 
all manures to pafs, cither ou very low tonnage, or abfolutely 


toll free, on the levels, and through the locks alfo on fome, 
particularly when the water adually runs over, or is within 
a quarter or half an inch of the top of the lock-wcirs ; in 
fomc inftances, feveral hours notice is required, of boats with 
manure or road-materials intending to pals any locks toll-free. 
In fomc inftances, where a canal is to run parallel to a turn- 
pike road, and is expeded to leffen the tolls thereof, by tlie 
diminution of heavy waggons and carts, it has been ufinl to 
compenfate or indemnify the creditors on fuch roads ; and 
it feems equally juft, where a turnpike road crofTcs a canal, 
and is likely to have its tolls both w’ays incrcafed, that they 
fhould not DC entitled to receive materials by the canal ton- 
nage free. 

Mile-ftoncs are direded to be fixed on banks of molt 
canals, for regulating the diftanccs and tonnage ; in fevcial 
inftances, thefe arc direded to be placed every half mile, and 
in others one is to be placed at the end of every quarter of a 
mile. 

We (honld far exceed our due limits, if w'e were minutely 
to recount the various expedients that have been adopted for 
conciliating the owners of lands, parks, mills, &c. who may 
more or lefs be affeded by different canals. Thtfc muft 
depend on a variety of local and incidental circumtlanccs, for 
the adjuftment of which no general rules can be prefcribcd. 
But in all cafes of this kind tne canal companies have ufually 
propofed, and the legiflaturc has fandioned, an adequate 
compenfation. Proprietors of land and their tenants are 
fometimes allowed the ufc of the towing-path, as a drift ard 
bridle-way between their different lands, or to fome public 
road ; the owners of the adjoining lands arc often allowed 
to make, not only docks and bafons communicating w’itli 
the canal, but collateral cuts of conliderable extent, to their 
mines and other works ; but previous notice of all fuch in- 
tentions ought to be given to the company, that their en- 
gineer may examine the ground, and dired the neceffary 
puddling and other precautions, to fecurc the line of camU 
from lofing water to a prejudicial extent thereby. 

The company arc often empowered, and fometimes re- 
quired, to make collateral cuts, or rail-way branches to par- 
ticular towns, mines, or works ; and a very proper precaution 
feems to have been adopted in the Somerfet Coal canal adl, 
that the parties to be benefited by fuch branches (hould firlt 
give the company fccurity to make up the tolls thereof, by 
an annual payment, in cafe of their falling (hort of a reafon- 
able intereft on the money expended upon fuch branches. 

In fome inftances it may be neceffary, particularly on rail- 
ways, to permit individuals to conftrud and manage fuch 
part of the works as pafs through their own park or ground, 
but fubjedi to the general fyftem of management laid dow»n 
in the adl ; as is done by the duke of Beaufort on the Swanfea 
canal, and by fr Charles Morgan on the Sirhowy tram-road 5 
alfo to conftrudt particular parts, on being paid for the fame, 
as was done bv the Dee river company, at the crofting of the 
Ell f mere canal. 

Claufes are generally inferted, requiring the canal com^ 
pany to remove and clamp the top foil, or vegetable mould, 
to the depth of nine inches, from the whole width of the in- 
tended works ; which, after the fame has been completed, 
and all the banks and excavations properly (loped down, is 
to be returned and fpread upon them, 10 as to render all the 
land, not adlually occupied by the canal and works, capa- 
ble of cultivation ; but a fmall part of this top foil is wanted 
in general upon the banks, and it might, more profitably for 
all parties, be filled by the company’s men into the carts of 
the neigh^uring farmers, to be fpread upon the poorer parts 
of their lands. 

kEaterl^gflaca for cattle are generally dircAed to be made^ 
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<fpccially where the fields may have been deprived of their 
old ones by the cutting of their canal. In counties where 
irrigation is much praaifed, as in Wiltihire and feme others, 
it has been common to appoint ficilful and rtputablc pcrfoiis 
to guard the intcrefts oi the irrigators, on the cutting of 
canals. 

On the duke of Bndge^joater^^ canal, irrigation trunks 
were laid below the bottom of the canal, fo that, by means 
of a harrow, or rather a large hoe, drawn along, the mud of 
the canal was drawn to the valve or orifice of the trunk when 
open, and the mud was thus conveyed to the. meadows ue- 
below. A fuccefbful cxpcnmrnt was licre alfo made, of bring- 
ing up barges laden with fca fl-ifii, or mud taken up at low- 
water, in the Merfey, and this was gradually poured or 
thrown out into the canal, over the iirigation trnnl;s while 
running, by which means this valuable manure was at once 
conveyed to and efleAuully fpread on the meadows below'. We 
have been grcaily furprifed to find irrigation fo UttKi prac- 
ticed upon the lands below canals, wdiich fo prifeZ-tlv admit 
of that improvement; weie this fubjedt properly uUend'.d to, 
in fituations where water is plenty, wc doubt not but f /u.e 
proprietors or leffees of land would be found, wlio \\t>u!d 
readily contraft with the engineer, on the pait of the emn- 
pany, before the canal is completed, to pay an annual rtr:t hjr 
certain quantities of water, to be let o»it by the company’s 
agents, at ftated times, through a trunk, which might be la-d 
beneath, or level with the bottom ot the canal for fueh jjur- 
pofc, at a very eafy expeiicc, before the w'ater was 1. 1 iidu 
the canal ; and even after canals arc completed, there rut 
fituations where the interell of all parlies might be ferved, by 
laying trunks for irrigation ; and perhaps farmers ought not, 
except in fome few inffances, to be debarred from con (true l- 
ing or ufing proper weirs at the fame immoveable height, or 
a little higher than thofc at the loik-galcs, to take oO' the 
lurplus W'ater for irrigating during the vs inter fcafon. 

Sometimes it will happen that a canal can be conducted on 
a pioper level to fuit the adits to mines, as at WorfiLy on 
Bridgewater^ canal, and fome olheis ; or perhaps the tin m l 
through a hill may be applicable to mining putpdTts nlfo, as 
at Morw’clham dow’n, on the T'avtflorky near Ripley on the 
Crrmford, the HarcafUe tuiintl on the Trent ami 
and others. 

Coal-mines may be allow'cd to have the nccefTafy pall g' S 
for their works under a canal, but fhonld be reftritttd m tne 
number, width, and height of thefe, as on the old Binu'h d.am 
canal; or if the veins arc near the Iniface, the ground may 
be fo entirely broke in, that the canal would be dcilroyed, 
as has actually happened on fome of llie branches ot the 
above-mentioned canal, near to Wedntlbury 

Rcfpc6ling mills, it may be necefl'n y fomctmics, where the 
canal is to be conduced near to eilablidied mills, that they 
ihould be fecured againft other mills in the fame line of bufi- 
nefs being cretied on the canal at that place, as in the Saukiy 
canal a< 5 t. Sometimes gaugc-w-cirs, or felf- regulating fluices, 
may be ncccfiary to be maintained, to fupply mills or other 
canals with a regular and conflant quantity of water ; in- 
ftances of which occur on the Rochdale canal, and at the 
Atnfworth refervoir, on the Nottingham canal ; the theory of 
the regulating fluice, in the latter place, will be found in the 
Gentleman^ Diary, 1799, p. 43 * by that eminent mathexna. 
tician and coal-w’orkcr, Thomas Walker^ of Bilborough ; 
and if theorems for the widths and heights of fluiccs to dif- 
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perhape cotifult the CrrydL>n canal .ic\, for the c^aufes rcluiirg 
to the V/andle river. 

Where a connection is to be made with any other canal 
lying upon a highei level, or even the fame level, where 
leakage or wade of water n to hs appichendcd, that would 
be prejudicial to either of the caual>, it is ufiud to provide, 
that a ll(>p-giit(* fh'dl be credlcd at or near the junflion, 
which o:iC or both of the caiual compamvii are empowered to 
flint and lock up wheuLVtr there is fuch a loweiir.g 01 
draught of w'dttr upon one of ti.c canals, wtuild endanger 
the fupply or lower tlu hc:.(l of the other ; clauft<'> for tlicfc 
purpofes will he foimcl in the J)rarth‘ and Dudl\^ 

afford, liii viiv^Lwi, H'yi // v and aiui 

other 3 (^ 8 . And when a..y canal anoincr, coming 

down .Vjm a hilly countiy, ii ij ufual to require tail-gate;, to 
be tred^ed, with capacious weirs preventing ot floods 
from the upper » Mials making *;uir way into the lower 
one, as in the canal. U will very often happen, 

that tolLor does will be ij h ; paid by bargCj for ei.te i*ng any 
ot tliC '.he i.cw cai.al, or *viu'Vf‘r/a. 

And while the ntw ichcnic can L f :{ poled to iiUcrftre mu- 
terudly with the tiud:*op my forrr.ei one, it has not hteii iin- 
iilnal to giiurantrc that li.cn* : prof’tr or tonnage lliall iiut 
be Ids, alter the cojr.ijicuon or the new canal, than before ; 
or romctirr.c'j amuied n.ciits are agreed to be mpdc coxn- 
peniatious i</r the txpeci 'd I 'ih':, to older navigations ; and in 
fome initaucco, W'hcrc the rivahhip is expected to be very 
fonr.idablc, as on the Dov^JiL Ihverh)' the Leeds and Liver* 
pGoU and the 1 ).* t m River h ; the canal, piovifion 

lias been nidOc*, that the old jin fhali be pui chafed by 
tin* new propikior.i at a lixcd 1 bm ; the fitllemtiit of the 
various curnpenfations that may be ncccfl'aiy on a canal arc 
otten fuch as to re([uire the cvjrtion of the utmoil abilities 
of the engineer, with the mod able aflidance, as the vciy long 
and complicated tlauics i:» many adt;. \»ill flicw. 

On applying to parliament for any coiifidcrablc cxtcnfion 
of a canal, or to laii’c more money, there are inilanccs, and 
jieihaps very proper ones, of inadring that the fliarcs of certain 
difeontented proprietors fliould be purcliafcd out of the new 
funds, as on the Du.Try, the Kcnnet and ylvuri, and othei's. 

80 attei.tive hdt- the legificiiurc been, even to the comfort 
of proprictois or inliubitani^ near intended canals, that it has 
been enabled, as on the JjatnJley canal, that where fleam 
eiigiiKs were to be tredtd in certain peaces, for the ufe of 
the canal, their firt-places fliould be fo conllructcd as to con- 
fume the fmokc. 

Ample provilious fliould be made, for powers to make 
bye laws for regulating the trade upon the canal, for 
the form and dimenlions of the barges or boats to be 
uled thereon, and for pafling the locks, inclined planes, 
&c. that may be thereon. It is necefTary to declare, that 
the canal is not to be fubjed to the interference of the ge- 
neral commiflion of fewers ; manorial rights, and liflieries in 
old dreams, or waters ought to be referved; and it would be 
well for the encouragement of thefe great national improve- 
ments, if the iegiflature would permit a claiife to ttand, as in 
the older adls iox Bridgewater\ and other canals, that tlie pro- 
ceedings and writings of the company fhould be valid with- 
out damps. 

It has been ufual to cnaft penalties for a variety of ofTenceo 
likely to be committed upon the canal ; and for maiicioua 
damaging or dedroying of the works to declare the offenders 


'with advantage. Thofe wfco inay with to fee how the in. into tonfideration at the oenod of framing the of parlia- 
cenulty of null-ownera can be exereifed to fecure themfelvta ment, fome of which wc (hall avoid repetition by mentioning, 
^ainft poffible injury, or even to thwart a canal fcheme, may when Hating what occura to us on the pradicc of executing 
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anc! managing cantla, to which we are now anxious to pro* 
ceed. 

The aft of parliament for a canal being pafTed, and therein 
the time and place for the firft meeting of the fubfcribers or 

f jroprietors thereof being fixed ; one of the 6rft bufinefTes of 
uch meeting will be the cleftion of ^ general committee of ma> 
nagementf confiiling of the mod independent^ rcfpe£lable> and 
generally informed perfons among the proprietors. The 
committee of management will then proceed to clc6l a chair- 
man and ruh!>rdiuate oiUccrs ; to fix upon their place of 
meeting, and to arrange the order of their bufuiefs. 

It will not often happen that the engineer can be fpnrcd 
from the projedlion and fuperintendance of other great con- 
cerns, to attend to the cutting of the canal and eredion of 
the fcvcral works, without tlic adidance of a refuknt e«- 
gtneer^ or more than one, if the line be of confidciablc length, 
and didant parts of it arc intended to be proceeded with at 
the fame time ; and the committee will do well to leave it to 
their engineer to recommend all fiich aflidant or refident 
engineers from among thofe who have been brought up or 
employed under him, or arc well known and approved by 
him, for their mathematical knowledge and praAical (kill, 
experience and attention in the feveral kinds of works that 
are to be executed. The attention of the committee fliould 
be dirc^^cd to fixing upon feme Janil furveyor and valuer of 
rcfpeflability and great praftical knowledge, who has been 
ufed to and acquired addiefs in the ncgociation and fcttle- 
ment of purchafes and exchanges of property of dilfcrent 
kinds; and if he has before been employed upon canals he will 
be fo much the more fit. In this dage of the bufinefs it may 
be well alfo for the committee to confider whether any local 
committees^ or a fekH committee^ may be necedary, to pay the 
more minute attention to, and to bring before them, tlie con- 
cerns of particular didnAs of the canal, and to ferve other 
purpofes. 

The body of the proprietors, aflembled in a general meet- 
ing for the purpofc of completing the organization of the 
aifairs of the company, will proceed to the choice of a cer- 
tain number of auditors of their accounts, and to fettle the 
falaries of all the perfons that arc employed. 

Mod canal ads dircA, that two copies of the plan of the 
canal and book of reference, with any amendments or altera- 
tions that may have been made in parliament, are to be certi- 
fied by the lignaturc of the fpeaker of the houfc of commons ; 
one of which is to be lodged with the clerk of the peace for 
the county, and the other with the clerk to the company, 
who arc required to produce the fame, and fuffer copies or 
cxtraAs therefrom to be at any time taken by any perfon, 
and to produce the original before the committee, or any 
jury who may be called on to decide any matter or difpute 
relating to the making or maintaining and ufing of the 
canal. 

The engineer being now informed of the exaA bounds 
within which the law has confined his operations, and of the 
feveral redriAions or alterations that may have been impofed 
or made fince his former furvtys, will, in all probability, 
find it necelTary to look over the line and all the propofed 
works again, accompanied by the intended refident engi- 
neers ; and, in fuch revifal, it will be proper to divide the 
line of canal, and the feveral works thereof, into the necef- 
fary number of parts, and to give concife and definite names 
to each, that are to be ufed in future, in contraAs and bills, 
&c. of which diftioA parts or divifions a feparate account 
of the expcnces (hould be flriAly kept by the refident engt* 
neer, the overfeers^ or counters as they are generally called, 
(that the engineer is to recommend or employ^ upon the 
works) and by the olficc*clcrks in a ledger, with proper 
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heads for each lengtli of canal, fet of locks, tunnel, em- 
bankment, deep-cutting, refervoir, aqueduA, or other 
great work, that may form a feparate divifion : fuch par- 
ticular and divided accounts of the worki will prove of the 
moll edential fervice to the committee, and to all others 
concerned, in informing and maturing tlicir judgment on the 
aAual or probable expcnce of every different kind of work ; 
and will enable the committee to accoui*t to the proprietors 
how great, and fomcfirv.es unavoidable, as wtll as iinex- 
pcAed, cxpences may be incurred. 

The committee IhoulJ now well confider and inquire, 
whether any particular part of the line can be completed 
and opened with advantage, be foie the whole length can be 
pot ready ; and this being determined upon, the cngincci 
fiiould compare and confider, from the ellimatcs and parti- 
culars that he poffeffes, the comparative length of time that 
every particular work upon the length intended to be firft 
completed will require ; and in this order, or with a pro- 
portionate exertion and number of men, fiiould the feveral 
works be entered upon. Immediately after the plan has 
been fettled, preparations (hould be made for providing all 
iiectffary utenfils and implements. 

The AA for a canal fiiould give the company and their 
fervants power to enter upon and occupy, for the temporary 
purpofes of thcr works, heaps of foil, 5cc. any land except 
parks, orchards, and gardens, within the limited diftance, 
on condition of their making a full a-id ample fatisfaAion, 
by annual rent, to the former occupier or Lfl'ee, and for all 
damage to the owner and occupier, fo foon as the works 
are completed, and the heaps, &c. can he i emoved or le- 
velled down, and covered with foil. The tunnels, deep- 
cuttings, embankments, or other great works, that arc 
firft to be begun, (and the levels, widths, See. of which we 
fuppofe to be completely fettled,) fiiould be now marked 
upon the ground, wdth the ncccfiary allowance of width for 
the fiopes, and the fpoil-banks, which tfic engineer may 
judge right to remain the permanent property of the com- 
pany. 

The land-fuTvcyor fliould now proceed to treat, under 
the dircAion of the committee and the engineers, with the 
feveral parties who arc entitled to the land that is wanted ; 
for this purpofe, it will be right for the furveyor to pre- 
pare corrcA and explicit plans and admeafurements of every 
piece of land, and, in many iuftanccs, to deliver copies of 
the fame to the parties ; to confider well the intrinfic value 
of the land to the owner, and of any extrinfic or artificial 
value which it poffeffes, with ample allowance for the in- 
jury that his remaining property will fufiain by being de- 
tached, or by the fields being cut into inconvenient and 
auk ward fiiapes, or ion any other account. 

It is generally provided, in canal aAs, that where any 
perfon’s eftate is cut in two by the canal, and a part, con- 
fiding of lefs than a certain quantity, is fevered from the 
reft, the company (hall be compellable to purchafe fuch de- 
tached part, if the party wiihes it. And it ought to be 
provided, that the company are not to be obliged to make 
an occupation -bridge for lets than a certain number of acres, 
unlefs the dwelling-houfe or farm-premifes of the eftate hap- 
pen to ftand upon fuch fmall detached part. 

As foon as tiie furveyor has made his contraAs or Ihort 
agreements with the parties, containing a full defeription of 
the lands or ocher property to be purchafed, the fame will 
probably be put by the committee into the hands of the 
clerk to the company, with direAions for him to enquire 
into the nature of the titles of the parties, and prepare con- 
veyances accordingly, in the Ihort and fummary form that 
the AA ought to provide for fuch purpofe 2 in ukc manner. 
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where the pariica who own the eftate could not be come at, 
or have not been brought to aijrcc by the furveyor, he 
(hould furnifh the committee wiih the particulars of fuch 
property, the price offered, and other particulars of the 
negotiation ; in order that the clerk may be directed to pre- 
pare the neceffary notices for a meeting of the commiffioners 
defenbed in the aft, or a warrant to the Ihcriff of the 
county for empanelling a jury to hear the evidence, who are 
to be fummoned on tlie part of the company, and thofe pro- 
duced by the owner of the eftate, and to view and examine 
the premifes if neceffary, and to give their vordlft or affeff- 
ment of the fum that is to be paid by the company, and ac- 
•epted by the parties. 

The pround for the neceffary refervoirs, to fnpply the 
art of the line that is to be begun, ought to be among the 
rft that is marked out, including {’pace for the head or new 
embankment that is to be made, and ftioiild be treated for 
and piirchafed by the furveyor, and conveyed as above men- 
tioned* The ground w'hcrton the locks are to be built, or 
any wharf or walled bafons are to be made, ftiould alfo be 
carefully afeertaintd by the engineer, and purchafed in an 
early ftage of the bufinefs, in order that the fiimmcr fcafons 
mav be fully embraced, for the building of all the mafonry 
ana brick-work. 

The modern afts for canals ufually contain a claufe, re- 
quiring all the top-foil to be removed. This, of courfe, 
will be attended to before any of the works are begun. 

It has been found, from experience, that the banks of 
canals againil which the water is to lie, ought, in general, 
to have their Hopes fo apportioned, that one foot in depth 
will give a horizontal bale of one and a half foot } and to 
thefe or fome proportions near them, rather above than be- 
low, as (lopes of 1^ to 1 are in general too fmall, will the 
widths at top and bottom, and the depth of the intended 
canal probably be fixed by the engineer : and it has been 
jfound convenient and proper to make up the banks of 
canals one foot higher than the water is intended to Hand in 
them. 

We are now to fuppofc the rcfident engineer to be pro- 
ceeding with the fetting out of the canal, being furnifhed 
with a map of the feveral fields through which it it to pafs, 
ihc line that is provifionally fettled for its courfti but with 
Kberty to deviate within certain limits therefrom, and with 
iench-marIcB which the engineer has left and deferibed at 
certain diftances, to regulate the top-water levclt or height 
of the water in the intended canal ; and, as above obferved, 
one foot higher will be the level of the top-bank* or height 
of the banks. 

It will be proper for this engineer, and we (hall in future, 
for the fake of diffiiiftion, denominate the other the principal 
engineer^ to trace the levels accurately of each pound or 
level reach of the canal, and to put in level-pegs or fmall 
Hakes, at every two or three chains, more or lefi according 
as the ground it more or Icfs utidulating, as he proceeds ; 
wherever the canal is condufted along the fide of a hilt, as 
will happen in a great portion of its length, the level-pegs 
are not to be placed exaftly along the line that the principal 
engineer has marked out, but either above or below that 
line, as the Hope of the hill may occailon, exaftly at that 
oint in every place, where the level of the top-bank (traced 
y means ol a good fpirk-lcvcl, with tc^efcopic lights) 
cuts or intcrfc& the furfacc of the hill. In Ibmc 
jplaces it will be found that the principal engineer has 
drawn his line acrofs the point of a hill, lo as to occafion 
deeper cutting than ufual, to avoid going round it ; or, on 
fhe contrary, crolTed a or low pace, fo as to require 
lefs cutting or perhaps none at all, to avoid taking a circuit 
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up that vale to follow the level of the ground ; and iT either 
ot thefe deviations (hould be fo confiderable that the leveU 
peg would fall more than two chains or thereabouts from the 
line, down or up the (lope of the ground, the plan of hav- 
ing level-pegs upon the furface muft be departed from, and 
holes ftiould, in the firil cafe, be dug at proper diftances in the 
line, and pegs put into the fame with their tops to the 
right height ; or, in the fecond cafe, longer and ftoutcr 
ftakes (hould be ufed, particularly in the fences that are 
crofted by the line, or other places where they will not be 
liable to difturbance, and drove firm into the ground till 
their tops mark the right level* In tracing thefe levels, the 
engineer will refer to and compare his work with all the 
bendi-marks before deferibed, and at each end of a level or 
reach, will level up and down to the bench-marks of the 
reach above and below the one he has been working at, and 
compare the fame with the fall that the locks at each place 
are intended to have. And we recommend particularly to 
the engineer to be very punftual in entering minutely in his 
field-book the particulars and fituations oithe feveral level- 
pegs, and to make one or more of the men who afiift him 
in levelling, pcrfcftly acquainted with the fituations and 
diftinguiftiing marks of them, and frequently to caufc them 
to be looked over and renewed ; or continual repetitions of 
confiderable lengths of the work will be neceffary, owing to 
the difturbance and lofs of the pegs by the cultivation of the 
fields and treading of the cattle, or by the interference of 
idle and mifehievous perfons of the country. Too much 
caution cannot ultimately be taken, by frequent reference 
to the bench-marks, with due allowance for any accidental 
variation that may have been difeovered among them, and 
repetitions of the levelling, to avoid thofe difgraccful blun- 
ders into which fome Icfs capable and lefs careiul engineers 
have fallen. 

We are now to confider, that the great dejiikratum in ca- 
nal digging is, that the ftuff that is dug from one part of 
the work, (hall, with the leafi labour or diftancc of moving^ 
exaftly fupply or form the banks that arc to be raifed m 
another ; fo that on the completion of the work, no fpoil- 
banks or heaps of ufelcfs foil (hall remain, or any ground be 
unneceffarily rendered ufelefs by excavations or pits. Six 
different cafes will be found frequently to occur in the cut- 
ting or forming of a canal. ( Plate L Canals Jigs, i, 2, 3, 4, J, 
and 6.) A'ArlLPP' being, in every cafe, the line or 
furface of the ground acrofs the canal ; A B C £, in the firft; 
five cafes, the bank on which the towing-path is to be 
made, and therefore generally the wideft ; L I K P in Jigs. 
1, 2, and 5, the off or fmallcr bank ; C I is the top, F G 
the bottom, and C F and I G the Hoping (ides of the ca- 
nal, in every cafe. The bench or berm, I K, in Jgs. 3 and 
6, is provided to retain and prevent the loofe earth that 
may moulder down from the upper bank P K from falling 
into the canal. Sometimes the interference of proprietors^ 
or other caufes, may occafion the towing path to occupy 
the bank, or place of the bench 1 K, inftead of B C, which 
will caufc a confiderable difference in the calculation or triea- 
fore of the ftuff to be moved in Jigs. 2, 3, and 5, but the 
fame do not properly form new cafes. The firft cafe oc- 
curs moft frequently in cutting acrofs or along level mea- 
dows, and we were not fo well able, when treating of tbc 
firft furvey or projtftion of a canal, as we now are, to ex- 
plain a limitation which ought to be attended to in all fuch 
level-cutting, cfpccially if of any confiderable length, viz*, 
that the height or level of the canal (hould be fo contrived* 
that in ^any crofs feftion, as Jig. i* the fum of the areas of 
A B C E and L I K P (hail juft be equal to £ F G L, the 
part excavated or dug* It will readily be perceived that 
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4 and 6, arc indeed oilier enfea of level cutting, oc* 
curring wherever the principal engineer has, in crolfing’ a 
vale, or point of a hill, found it necefTiry to preferve his 
Irvel above or belo v wh.it w’ould othervvife have been de- 
firahle, if to be accomplifncd, as in our firil cafe. The cn- 
gi'iecr w'll find dhund.tiU inftances of figs, i, 4, and 6, in 
a 1 their deg re. s, and in a great portion of which there will 
citlier be a vaiit of (tu:i to form the banka, aa in fig, 4, or 
a rLclnndar»:y from the deeper cutting, as in^. 6, and the 
pcrfedio*. of his iltill will be (hewn in fo conducing the 
l iie, that every embankment, ^^fg, 4, (hall have deep-cut- 
tiu;T lit both, or at Icall at one ot its ends, to furiiim the 
extra (luff, with the leaft expence in moving it; in like 
manner, every d ^ep cutting, asj^/. 6, fliould have embank- 
ments at one or bvuth of ita ends, to receive the extra 
(hiff. It is further evident, that the other three cafes, 
\iz, figs, a, .3, and are but varieties of fidc-lying ground, 
or wherein the can il is condtiftcd along the fide or (lope of 
a hill ; and wliere it is evident, that a proper choice of the 
fituation of the canal, higher up or lower down the hill, 
may occafion A B C E and L 1 K P, the bdi!!cing in/^y. 2, 
together to be cxaflly equal to E E G L, the digging in 
this cafe ; in like manner, where the (lope of the hill is fo 
conlkh^rahlc ns to admit of no upper bank, ns f r. the 
bank ABC E may be equal to the cutting E F G I K P ; 
it may he on a conlkkraSle (lope that embanking is re- 
quired, as in fi'[, in order to preferve the moft direCl line, 
or to reach viny particular objc6t ; or deep-cutting mriy, and 
often diK's, occur in (loping ground, and not in level, as 
we have (hewn iwfg, 6, hut it feemed unneceffary farther 
to mnliiply our cnies to delineate fuch varieties. An at- 
tentive reader will find no difhculty in tracing evci7 pofTiblc 
variation, by con'ldcring th« line A' P', which reprcfer.ts 
the ground to vary in all degrees both of height and incli- 
nation, while the banks and canal, A B C F G T K P, le- 
main fixed ; and in this, almoll the llmpkll inquiiy that 
occurs in fuch a work, it cannot fail of appearing, how cf- 
fentiul a g<»oJ knowledge of mathematics is to every en- 
gineer, and that noue ought to be admitted to that honour- 
able dilUndion, who are unlearned therein, however much 
they may have fccu, or even executed, under the orders of 
abler men. 

Our fecond and third cafes requiring more than ordinary 
confiJeration, before the line of the canal can be definitively 
fettkd, and the ground be marked out and purchafed, un- 
Icfs wade is committed, in purchafing more than the com- 
pany have occafion for ; we have repeated them again \vifgs, 
7 and 8 ; and therein produced the lines of all the banks, 
by which the fituation of the Icvel-peg, of which wc have 
fpoken above, is (hewn at a. It is alfo evident, that the 
lengths and pofitions of all the lines, B C, C F, F G, G 1 , 
and IK, being given, as alfo the pofitions of the lines B A, 
K P, and A' P'; that the areas of the fevcral triangles a B C, 
b F G, b C I, c I K, c F g, and c C K, and of the paral- 
lelogram I K g G, arc known ; and the calculation of 
thefe fc\cral triangles will generally, in praflicc, be very eafy, 
from the confideration of their being all fimilar and ifofcclcs. 
It is further evident, that the triangles a E A, b E L, c P L, 
bEc, andfEP, are in general fimilar : from fuch conli- 
dcrations, theorems can be deduced, (hewing, in every cafe, 
the diftanccs d L and d E of the flope-holes, or edges of 
the cutting L and Z,fg, 7» from the Icvcbpcg d, or of 
d E and d P in fg* 8 ; as likewife the dillances d I and d C 
of the top edges of the canal, mcafured upon the level, from 
the level-peg ; fo that the (luff to be dug may juft form the 
banlu. The diftanccs d A and d F, Jig, 7, and d A, fig, 8, 
that determine the points A and F, at which the banks are 


to be begun, are alfo cafily deducible from the fame confi- 
derations ; and it is evident, that A P is the width of 
ground that ought to be purchafed, except in fuch cafes 
where a hedge may be necclTary at P, or, as may fomc- 
times be adviiable, a hedge at the bottom of the Hope at A, 
inftcad of its top B, when the neceffaiy width for one or 
both of tlicfc hedges muft be added to A P. The invefti- 
gation of theorems for the above purpofes, and others which 
we (hall have occafion to mention, would lead us farther 
into the fuhjedl than would, perhaps, be proper, efpecially 
as no perfon ought, in our opinion, to undertake or meddle 
with the dircdlioii of fuch works, who is not only capable of 
ufing a theorem laid down by another, but of mveftigating 
and preparing rules for every cafe that can occur, or be 
wanting in his own pra6licc. Wc proceed, therefore, to 
advife the refident engineer, on being furiii(hed with the di- 
menfions that the canal and its banks are to have, tp caU 
dilate tables for readily finding the di fiance d h of the level- 
peg from the middle of the canal, mcafured on the (lope of 
the hill, Lt the hill Hope with whatever angle it may ; or 
rather, 1 t the angle i d h, or deprcfiion of the (lope below 
the horl/oiital line i d, be what it may; and this will be 
moft couvcnici.tly CKprclfed, not in degrees, but by the 
natural fines of the angle of the deprcfiion ; becaufe then, 
if a meafuring cl.ain of 100 links be laid down at Icngtli, 
upon the flope of the ground, and the difference of the level 
of its two cuds bt uken in links by the fpirit-levtl, llule 
will exprefs the two firft figures of the natural lines of the 
dcprefiTion, which quite as great exadnefb as fuch tables 
need be calculated to, The engineer wdll now proceed to 
put in a (lake oppofitc to each level-peg, at the proper cal- 
culated difiance down tlic dope, for the approximate orfup- 
pofed middle lino of the canal: thefe (lakes will feldom be 
found for any confiderable difiance together, to range in a 
ftraight or in any other regular line, that wmII be proper for 
the canal : and a very difficult and nice part of the engineer's 
duty is now to be performed, in Halving out a new line 
with a taller ora quite different fet of fiakes from tbofe for- 
merly ufed, to avoid confufion ; this is called (taking the 
middle range of the canal. The requifites in this new line 
or range for the centre of the canal is, that it (hould as 
nearly coincide in cveiy part with the (takes that were laft 
put in by the calculation, as pofTible ; that, where, in order 
to preferve a regular and handfomc line, and avoid the auk- 
ward, inconvenient, and unmeaning crooks and bends, with 
which too many of our canals, and even fomc of the latcft con- 
ftruftion, are almoft in every nart difgraced, the line is 
conducted higher than the calculated ftakes for one or more 
ftakes together, care muft be taken that it (hall (jiiickly be 
condudted below others, fo that the redundancy in cutting 
deeper into the hill in one place may be as exadly as poi- 
fiblc balanced by a deficiency juft by, owing to the line be- 
ing conduced below the Icvd.itakcs. Befidcs the confidera- 
tion above, it will be the time now to cllimatc and confidcr 
the quantity of (luff that will be wanted to land up every 
bridge and lock, and to give extra thicknefs to the banks 
on which any toll-houfes, wrircboufcs, or other buildings, 
arc to be crcAed, or trade cai-ricd on. 

In narrow canals, or branches of that defeription, it will 
be neceflary to provide for wider places at (hort intervals, 
for barges to turn, and to lie in while others pafs them ; 
coufidtrablc (kill and care arc requifitc in the choice of pro- 
per places for fuch purpofc : they ought to be fo fitiiate 
that barge-men can mutually fee each other approaching on 
narrow canals or branches, and provide for paiung, without 
either of them having to drag their barge back again to a 
paffing-place, as too often happens ; at the fame lime, they 
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ought to be cbofen, if pofliblci in fwcb hollo\r or low places 
«8 will admit of widening the canal without much extra cx- 
pcnce* Another coniideration is, the excavation of bafons, 
docksi or wharfs, from which lluff may accumulate, which 
ought to be ufed up, if poflible, in embanking the line jull by* 
Man)r canal companies have feen it their intcrell, on proper 
and timely application from land owners, who were dcfiious 
of crcAing wharfs, to dirc6l their engineer to calculate upon, 
and to excavate the additional width uecefTary for fnch pur- 
pofe, at the company’s expence ; this and the extra or 
deeper cutting that there muft always be, in the approach to 
a lock on the lower fidr, and of embanking on the fame ap 
proach on the upper fide, should alfo be well confidcred and 
accurately calculated ; and full and explicit memorandums 
ought to be entered in the engineer’s field-book at the time, 
where the ftuff W’as calculated to be had from for every 
embankment, and w'herc the Huff is to be difpofed of from 
every deeper cutting or extraordinary excavation. Thefe 
memorandums will prove of the mofi important ufe in the 
revifal of the whole length of line or diilriA that is about to 
be fixed ; as alfo, in contraAing for and letting of the 
work afterwards, by being able, without fear of mifiake, 
to point out which way every part of the fluff is to be 
thrown or wdietled, as fafl as it is dug, and that no part 
of the fame may want moving a fccond time, or any wide or 
gouty places be made to disfigure the canal for finding fluff; 
or, what is often of more fatid confequence, the canal being 
dug deeper than ufual for fiich purpofi*. 

After the line fliall have been thus marked out with the 
utmoft care, it will ftill be prudent for the engineer to revife 
it again, and to make pretty accurate calculations of the 
quantity of fluff wanting, or to fparc in particular places ; 
♦n thefe kinds of calculations the engineer will find the moil 
important aid in a ready ufe of the Jluk^rule $ and we beg 
here to mention that a gentleman who has long diflinguifhed 
fiimfelf by the various and impoitant ufes to which he has 
made the flidc-rule fubferviciit, has prepared a flioit but 
complcU tra£l on its appplicalion in the ccncems of an en- 
gineer, which it is hoped that he will ere long publifli. 
Pcfhaps, on the review of the line, the curvet or bends 
thereon may in fomc cafes be cafed, and beauty and conve- 
nience may be more fully attained \%ithout mu<h» or often 
any cxti a expence. The Droitv'tch canal li;u> bee« mentioned 
as one on which thefe points h.avc been the moft fully at- 
tended to. The portion of the canal that hat been thus 
flaked out and revifed, may now have tlic boundary lines 
marked out of the land to be purchaful ; and the furveyor 
ihouhi proceed without delay to furvey ihc fame, and to 
treat with the owners for the purchafe, as we have before 
mentioned. It will be among the firfl works to dig out for 
the foundations of the locks, if they are not already in hand, 
and for the bridges, if tlic feafon of the year and fupply of 
bricks and work-men wdll admit of their proceeding immedi- 
ately : the feveral drains or culverts that are to pjfs iindtr 
the canal (houM alfo be dug out, and prepared for the ma- 
fons or bricklayers, and the feveral fafety-gates, ftop- 
planks, weirs, and other creftions, which we fliall notice 
more particularly further on. It may be proper here to 
caution the engineer, that in cafe the pipes of any water- 
works, or that liipply any gentleman’s houfe, crofs the line of 
the canal, fuch pipes (hould be laid at once, tvyo or three feet 
beneath the bottom of the intended canal, with an cafy dc- 
icent and afeent therefrom, and the ground be made good 
again as foon as pofiiblc, both to prevent their being da- 
maged in cutting the canal, and being expofed to froft, or 
to tliievca, if of lead, by lying bare ; and in cafe fuch pipes 
arc found old or decayed, new ones of lead or caft iron 


(hould by all means be laid in the deep part under the canaT, 
The top- foil (hould be carefully removed ; and in order to 
determine rtadily and conxftly the places of the flope-holes 
at £ and L, 7, and E and P, Jig, 8, the engineer will 
find it ureful to calculate the diflances of d £ and d L, and 
d P, by a general theorem, in terms of d h and h i, and to 
make tables for the feveral values of thofc data, that arc 
likely to occur. The values of d P and d A, fg, 7, would 
be alike ufeful in a table for determining the limits of the 
banks that are to be raifed. 

Before cutting out the lock-fpit, or fmall trench between 
the feveral flope-holes, as a guide to the men who are to 
dig, the engineer ouglit to caufe holes to be dug in the line 
ofthc canal, near every fecond or third level-peg, or oftener, 
if the foil be variable, in order to prove the loil to a greater 
depth by two or three feet than the cutting of the canal is 
to extend ; and each of thefe the engineer ought carefully 
to infpe6^, in order to determine what puddling or lining 
will be ncceffary ; and what will be the difficulties of digging, 
owing to the hardnefs of the fluff, or to water that mufl be 
pumped out, ; all which circumilanccs, as well as the 
extra diflance that any part of the fluff may require to be 
moved, mufl be well confidered before the work can be let 
to the contraftors or hag-maflers. 

The puddling or lining of a canal, to make it hold water, ia 
a matter of the greatefl importance, and we fliall confider five 
cafes, in^j. 9, 10, ii, i2, and i.^, that arc likely to occur 
or prefent themfclvcs in the fearch, into the foil that is to 
be dug, by finking holes as above mentioned : the firfl cafe 
we fuppofc to be that in which the whole is clay, loam, or 
other water-tight fluff, as (hewn by the dark (hading in^'. 
9 : all foil.3 that will hold w^ater, and not let it foak or per- 
colate freely through them, arc called water-tight. Our 
fecond cafe, 10, is that in which the whole cutting wiH 
be in fanJ, gravel, luofe or open rock, or any other matters 
that wlW let water eafily through them, and fuch are called 
porous foils or fluff. The third cafe we fuppofe to have a 
thin flratum of water-tight fluff on the fuifacc, (hewn by 
the dark (hading in Jig, it, and to have porous fluff for a 
confiderable depth below, here diflinguiflied by dots. The 
fourth cafe may have porous fluff near the furfacc, and wa- 
ter-tight fluff' at the bottom of the canal, as in^. 12. The 
fifth cafe is that where water-tight (luff appears on the fur- 
face, as 13, below this a (iratum of porous (luff, but 
having again water-tight fluff at no great diflance below the 
intended bottom of the canal. The new raifed banks that 
are left un (haded in all the five figures, are alw'ays to be 
confidered as porous fluff, as indeed they will always prove 
at firfl, and in a great portion of foils they would ever re- 
main fo, unlcfs either puddling or lining was applied ; all 
ground that has been dug or dilturbed mufl alfo confidtr- 
ed as porous. It (hould'’ alfo be remarked that any kind of 
foil which is perforated much by worms or other infers, 
(hould in canal-digging be confidered as porous fluff. Puddle 
is not, as fume have attempted to deferibe it, a kind of thin 
earth mortar, Jpread on places intended to be fccarcd, and 
fuffered to be quite dry before another coat of it is applied \ 
but it is a mafs of earth reduced to a femifluid (late by work» 
ing and chopping it about with a fpadc, while water juft in 
the proper quantity ts applied, until the mafs is rendered 
homogeneous, and fo much condeafed, that water cannot 
afterwards pafs through it, or but very (lowly* The befl 
pudiUing^fiuff h rather a lightifli loam, with a mixture of 
coarfc land or fine gravel in it ; very (Irong clay is unfit for 
it, on slccount of the great c^uantity of water which it will 
hold, and its difpofition to (hnnk and crack as this efcapes ; 
vegetable mould or top- foil is very improper, on account of 
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the roots and other mattert; liahlt* if> decay and leave caviticj 
ill it, hut mote on account of the temptation that thefe af- 
ford to worms and moles to work into it, in fearch of tlieir 
food : where piiddlin|.^-(lull is not to be met witlu coniain- 
in;; a due mixture of fhaip fand or rough fmall gravel ftones, 
it is not unniual to proenre fuoh to mix with the loam, to 
prevent moles and rats from working in it; but no floncs 
larger llian about the lii^e of nuidvCt bullet s ought to be 
adnutted. That the principal operation of puddling confilU 
in coiifolklating the niafs is, we think, evident, from the 
great condenfation that takes place : it is not an uncommon 
cafe, where a dileli is dug, apparenth in firm foil, that 
though great qinntiliesof water arc added during thcopeia- 
tion, yet the foil that has been dug out will not more tlniii 
two tlurds fill up the ditch again, wlien prrpcTly worked as 
puddle. It (houhl feem alf(», that puddle is rendered by that 
operation capable of buldiug a certain proportion of water 
with great ohftinacy, and that it is more fit to bold tliau 
tranfmit water. It i.s fo far from true, tl'.at puddle ought 
to be fuflered to get quite dry, that it entirely fpoils, when 
by expofnre to llic air it is too much dried j and many ca- 
nals wdiich have remained unfiUid with water during a fum- 
mer, after their puddling or bring has been dou*:, have 
thereby become very leaky, owing to tlu* cracks in the pud* 
dle-ditehes and linings. One of the firfi cares of an er.gi- 
iiccr, when beginning to cut a canal, is tt) difeover whether 
good puddling-iliift* is in plenty, and if it be not, it muft be 
fought for and carefully wheeled out or referved wherever 
any is found in the digging ; or perhaps procured at confi- 
derabU* diilancea from the hue, and brought to it in carts. 
It bus happened in fome ftone braeh or loofe lochy foils, 
tliat all the puddling* Huff for fevend rnlLs of the line, re- 
quired to be brought to it ; but even this eN pence, ferious 
as It may be, ought not to iuduee the et.pyiug of thofe, 
who have left miles of fuch banks without any puddling, 
and have made a winter canal, but wliieh no llream of water 
that is to be pn)rurecl can keep full in the fnmnur months. 
Jt is nfual in canal a<f\s to infert a claufe for the fecuiity 
of the land-owners, to require the company to eaufe all the 
bavks lliat need it to be icenred by puddling, to pR\e‘ t 
damage to the Inml below Ijy leakage : and it would Inive 
been well for all paities in many inllanecs, if this elanfe had 
been eiiftncLel. It appears that the Dutch have been in the 
habit of mailing miul-eiite-lu’S to feenre the banks of iheir ca- 
nals and cinbaiikriu nts, fiom time i m memorial ; atul tliat 
operation-* fiinilai to oiir pneUlling have been long known on 
the continent, but it Is not clear at wh.nt period it was in- 
troduced into this cv unt»y ; we think that the fens of Cam- 
bridgclhirc and I.,incolnflure, in which fo mapy works have 
at different times been executed by Dntebnun, are the inofl 
likely places in which to fearch fi'i* caily evielenee of ics ufo. 
We canne^t think tl\at Jiinus Ih i/nIIiy was the tiril who ever 
uled it in this country, altliongh we might admit that the 
canal w.*:s tlie fu (I in which it was f\ llematically 
ufcd'as at the prefent day. If we compare our full, fourth, 
and fifth cafes, yfi;/. y, i .J, and 1 3, we ilull find in all of them 
a water-tight Uratinn as the hufis ; and the pra^Iice in thtfe 
cafes is to make a w'all of piuldle, calltd a pudelle-diteh, 
or puddle-gutter, witliiu the bank of t!ic canal, as flievyn in 
fe<Iilion, by tt r, in the above figures ; tbefe puddle-gutters are 
iifually about lliree feet wide, and (houhl enter about a foot 
into tlic water-tight (luff, on which they are always to be 
begun : and they (liould be cairicd up as the work proceeds 
to the heigb.t of the top-water line, or a few inches higjicr. 
Our fecond and third cafes, 10 and ii, evidently will 
not admit of the above mode, becaufc we have here no wa- 
ter-tight fti-atuin on which to begin a puddle-gutter as a 


Ixittom : iii tlicfc cafes, thercfoie, it if ufnal lo apply a iii - 
iiig of puddle to the fidca and bottom of llit canal, as (liewn 
by the crop', fliading in /fv>. io and 1 1 : the proeefs of pud. 
dling and linijig will occur more propeil) furl lit r on, as w< 
procad in defcribiiig the operatiuns of digging and forming 
the canal. 

In Older to dcferlbc more inlclligibly the proci fs of fetliug 
out and digging a canal, in the two cafts wheie piullnn^ o: 

will be rcqniiite, w'c have repeated our firil and kee.m! 
oafe, but on a huger feale, in 14 and ; wherein p 
inter.ded to reprefent the hole that has been i)elore fnppokd 
to be funk, in order ii) prove the foil ; and, according as 
this terminates in water-tight or porous llulF at its bollonu 
that pnddk-ditchtSw/ ey* w* and •ve /*/, /rif. 14. or a lining, fjf r J t 
Ii G V' 1 ), fy, ij, is to be applie'd ; i) H being the height 
to which the water is to (land in the canal. The engineer 
will in the fii (I c;>fe deieiminc the place of E and L on the 
ground, and dig fmall holes or nicks to nn ik tl.e lan e, 
called flopj-hohs; but in the fecond cafe otlur marks mud 
be made at tt and v about five feet fiom the former, to di- 
re«i the beginning of the cuttings, with allowsncr for the 
lining. A fkilfni and very handy workman is now rccpiiicd 
to mark out llie li’.ic upon the ground, calUd the lock-fpit, 
betwetn the llope-holcs at E, fx- above mentioned, 
whicli we have fuppi>!cd to be made at about two or three 
chains from each other. This is done bv laying dowm and 
llreteliing a ilumg line upon the ground, between two or 
more adjoining (lope-bolcs, and if the canal is not to be 
llia’ght in that pait, with nnall pegs to give it the gradual 
and regular bend in every part that the canal is to have; the 
wotkm.in then piocceds, holding hi» fpade or grafting tool 
m)t upri'^ht, hut always with the (lope C E, that the bank 
of the canal Is to have, and llrikes it fucctfllvtlv into the 
g.oind elofe to his line, until the whole lcn.;th ol the line 
IS inaikcd tnit ; by tins mcar.s, if tbe ground has fnddeti 
undulations, or hollows, as cet^linrally happens, owirg to 
the ridges anil funows of eidtiv.ited lam's, and otlier cauiei-, 
yet a rcgulai line coinciding in eviiy p»»rt with E is maikcd 
out upon the fuiTaee ; before t! e hue is taken up, auotlirr 
lahtMuer follows on the other fide of it, and ilr'kes in I h 
tool inclining tl.e contrary v\ay, by which a tiiangular fod 
01 piece of Vaith is cut and ilnown 01; I : a fimilar lock-fpit 
lu'ill be cut on the other lule of tl’.c canal at ; and the 
fame a! //and i* in 15* 1^ iKatiicfs and rc‘gulaiity arc 

pioptily i onbdted, loek fpils for the extremities of the 
banks at iV ami P will alfo be proper, cfpccially if the land 
A A' and P T' is valnalde, and the damage by the fcatteiing 
imdla)ing of the 11 nfV would be confide rable. The eiigi- 
luer has now to d.etermir.e, in 14, the points f and d tor 
the beginning of the pr.ddle-diielies, and tbefe he ought to 
e'lmfe lueb, that if the fame w'crc earned upright to the top- 
bunk, C or I If would be about one foot : if tliis is not 
llriClly attended to, the labeurers or navigatois, as they arc 
called, will for their own convenience begin ihtir puddle- 
ditch much too near the canal at E and L in fomc cafes, and 
not inakv' it upright but batediing back to arrive ixt ab ; and 
puddle- Jilehes fo made are apt, owing to the fettling of the 
bank, to get broken aful be ipoiled. It maybe proper here 
to reir..'uk, that canals fet out with the fci.ntific precautions 
and care that we have recon*mended, w'ill always have the 
proper oaiuuity of Huff to allow for the fettlemcnt of the 
banks, becaufc x\ B C E 4 L I K P-E F G L, in the fame 
fettled or confolidated Hate, that the latter part was btfoic 
the digging commenced ; it will, however, be proper to 
give tbe contraftonsa table or rule (hewing, according to tbe 
height, as n r, what extra height a fuddenly raifed bank is 
required to be, to allow for fettling ; and it is evident ihal 
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vhL Hopes oF fi!cli banks mud be deeper in tbc firft iuClancCi 
llran they are intended ultimately to be. 

We W iv now fuppoie the engineer to proceed to the 
Utting of the cutting of certain liMigthsof the canal to con- 
tradoia or hag-malicrs, who will employ a mimber of navi- 
gators under them, in digging and puddling the canal. It 
is ufual to let the woik at a certain price per cubic yard of 
digging, and to pay for tlie puddling a'.ul lining either at a 
certain pr cc per cubic yard, or per yard run of the canal.. 
The engineer ought to inform himfelf thoroughly on the 
difficulties and facilities which attend the work he is about 
to let, and to draw up a flmrt but explicit contra^ to be 
"figned by the contra6lor. We cannot but recommend that 
all contrails for material or large johu of work, not only iu 
<*utting, but for the inaloirs, and other wojks in particular, 
ffiould be fiibmilted to the priiit ipal engineer for his appio- 
bation, before they are figncd or finally concluded on. The 
prices allowed ought to be fiiir and liheial, acctjuling to the 
circumdanced, fo that the contiadloi* may have no pretence 
on account of low prices, to llight his work, particularly 
the puddling ; and they ouglit in every inilancc to be lh*i< 5 lly 
looked after, and made to undo and renew immediately, any 
work that fltall be found improperly performed. We re- 
commend it to the engineer to keep a tlri-fl account, by 
means of Ids overfeers or counters, ()f all the men’s time 
that are employed upon the works; dillinguindug particn- 
larly the number upon each work, and whether employed by 
the day, under the company-, or upon the work that is let 
to contradtors. Tliefe paiticulars are mod edential towards 
knowing, what money ought to be advanced to tbc con- 
tra£lor during the progrefs of his job, and towards infoim- 
ing and matunng the judgment of the engineer, in the 
length of time that a certain number of men will be in 
performing any future work that he may have to dircdl ; and 
a calculation ought to be made in every indance of the day- 
work, and compared with the contradl price, by which alone 
a correct judgment can be formed of the proper prices at 
which work ought afterwards to be let, lb that the la- 
bourers n;ay receive proper wages, proportionate' to their 
exertions, and the conti*a6^or be amply paid fc^r liis time, 
ikill, and fuperintendance ; and yet economy and the intcrell 
of the company be duly confulted. Barrows and wheeling- 
planks, horfing-blocks, and other implements, arc genci*alTy 
found by the company ; and it is ufual to confider 20 to 25 
yards, to be a dage of wheeling, and a price pet cubic yard 
to be fixed, according to the number of dages that foil is to 
be moved : where this didance exceeds 100 yards, it will 
not often be eligible to perform it by wheeUbarrows ; and 
*nu»8 of planks with an cafy defeent, if the fame is pradica- 
blc, (hould be then laid for large two-wheeled barrows, or 
trucks to be 11 fed thereon. 

The cutting of a canal being let, the work is ufually 
commenced by a labourer, on the part 14 or 15, on 

the lower fide of the canal ; and from the mck-fpit at £ he 
marks out a certain width to g^ fuch that he can throw or 
cad the dud as he digs it, on to the part Ar, and fo that 
the heap may not obdrud the intended puddle-guttered. 
The fide E F he is careful to cut down in the proper dope 
of the bank ; the other fide is ufually cut dnught down, and 
this work is continued until he comes to the bottom of the 
intended canal at Fi&, and this fpace E F is called the 

reaching.*' The fame procefs is followed on the lower fide 
of parts that want lining, as^. lyt except ihatnr is 
the reaching in this cafe, and that there is no nccelfity to 
throw the duff further in this cafe, than that it may lie 
upon n A without rolling back into the work $ and it is 
ufual, if the reaching will not be very deep, to lay two or 


three rows of fods or found fpits of earth, with regularity in 
tlie face of the Hope n 7 to form part of the baiik, and to 
throw the other duff over thefe. R cachings arc alfo to be 
dug on the upper fide of the canal, as i I L, or at lealt 
as much Ihdl is to be thrown out thtrefrom as can convenient- 
ly he dowtd upon dP and v P, 14 and J 5. 

It is now time to commence the puddling in Jig. 14, and 
i labourer begins by digging out the bottom of the intended 
puddle ditch ctfd; if the foil dug out is good puddling- 
dulf, he lays it on the part ^/E, if otherwife he throws it at 
once on to the luap on A r, A careful examination of the 
face E F ot the reaching will fliew to wdiat depth the puddle- 
ditch d f ouglit to he carried in every part, to uaeh and inter- 
Icdl any faulty place?, or \cins of lighter foil, or worm, rat, 
or mole-holes that may accidentally occur in the hank. Af- 
ter the puddhw'-diteh is dug clean out to its pn'per depth, and 
this is a circumdance that the engineer or foiue cartful 
overfeer ought always to look p'.flicularly to, about 9 or to 
inches thereof is to be filled loofely up with puddling-duff, 
cither from that which comes out, or fiom tlie ncarell heap 
in referve, all large Hones, dicks, draws, or oilier extrane- 
ous matteis being carefully picked out as the fiufl’is fpriiiklcd 
in : by this time, unlcls the fetifon is very dry, it is pro- 
bable that fomc water will be collected in the bottom of the 
reaching F />, and this ffiould be laded out with a fcoop in- 
to the puddle-ditch, fo as to give the Iluff therein a good 
wetting ; if the piuldling-dufl he of the differ kind, or was 
very dry, it will be right for the labourer to betake himfelf 
to fonie other part of the work for two or three hours, but 
perhaps giving his Huff another fprinkling of water in the in- 
terim ; he may then proceed with the puddling ; and for 
this purpofe he ought to be provided with a dout pair of 
puddling-boots, that will keep out water ; he begins at one 
end of the ti*ench, and keeps chopping with his tool into 
the duff and quite through it, giving his tool a lunging mo- 
tion every time before it is withdrawn, fo as to let tne wateV 
into and to dir every part of the puddling-duff ; if more water 
is wanted, another labourer is fet to ladc it out of the reach- 
ing as before; and the puddlcr thus proceeds, chopping 
down at every inch or thereabouts as he flowly advances, and 
trampling about at the fame time as much as he can with his 
feel, which greatly affids the operation : when arrived at 
the end of the trench, he returns and repeats the fame ope- 
ration, until every part of the puddle is properly worked ; 
which is known by the tool going equally cafy into it in 
every part, which it would not do if any dry lumps re- 
mained, and the whole being in a femifluid date ; giving the 
pnddling-duff jull the due quantity of water is very effential 
to its working well, and this, experience will foon point out. 

Very great care and management will, in general, be re- 
quired on the part of the engineer, to furniffi water for the 
puddling: it will often require to be brought in temporary 
trenches, perhaps acrofs feveral fields from fomc mill-damy 
large pond, or fpring of water above the canal ; for which 
purpofe general powers ought to be given in the act, upon 
condition of levelling and making all fuch trenches good 
again as foon as poffible, and paying for the damage ; often 
times puddling water is not to be had without pumping it 
up, and conveying it confiderable didanccs in troughs, of 
which great numbers will be required. It will very often 
be requifite to convey the water acrofs the canal in troughs 
to the different puddle gutters, and plenty of trcdlcs (hould 
be in readinefs for fiipporting thefe troi^hs at the requifite 
height^. Confiderable care will be nccellary to turn off the 
furplus water, into fome channel where it can run off with- 
out flooding the works ; or to ftop it at its fource s this laft 
ought always to be adoptedi when the fupply is not very 
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plentiful, or tfic owner of the ftrcam or pond might he in* 
jiircd by taking a condunt dream from him, during the pro- 
grcfsot the work. The dril or bottom courfe of puddle being 
ropcrly worked as above, it (hoiild then he fuifered to 
and two or three days undidurbed, and without r.ny more 
water being given to it ; when it will be found fiifficiently 
fet that a man may ftep on to it without finking in ; it is 
then ready to receive a fccond courfc ; the firft ftep is to (crape 
off and remove any lumps of earth, ilones, dicks, or other 
matter which may have fallen ii to the puddle-ditch ; about lo 
inches thiek of puddling ftiiff is then to be fprinkled lightly 
into the ditch as before ; and water is to be applied cither 
from the reaching, or from fome of the troughs which we 
have been mentioning : fome hours time is to be allowed for 
the duff to foak, unlcfs it be light loam, and mold at the 
time of putting it into the ditch ; in fuch cafe, the puddling 
may be begun almoft immediately : care mult be taken that 
the tool be made to penetrate a fmall didance into the old 
puddle at every chop, in order that the two courfes or layers 
may be properly incorporated. After this coufe is properly 
wetted and worked, it mud dand the proper time to let as 
before, but by no means to get dry, otnerwife it will be 
found full of cracks and mud be worked anew : and in cafe, 
owing to any tcmpoiary fufpenrion of the work, it (hould 
be ncccffary to leave a puddle-ditch before it is ftniftied, it 
ought always to be covered, and left with a dry or unworktd 
courfc of puddling-lluiT upon it, to keep the air from it, and 
prcl^L'rve the proper moidure in it. 

When a fufficiciit number of courfes of puddle have been 
added, to fill up the ditch cefd, two or three rows or 
courfes of fods, or fpita of earth, mud be laid on each Tide, 
To raife the ditch fo much higher ; at the fame time that the 
heap of duff on Ac is leveled down, and other duff is 
brought by the men, who arc wheeling from the bulk g/j k i 
that is left in the middle of the canal, and laid on //K to 
back up the fpits or fods : after cleaning the furfacc of the 
puddle, if properly fet, it will be ready to receive another 
courfc of puddling-flufP, the water mull be turned on, it 
mud have time to foak, if nectflary, and then be worked and 
(land to fet as before : other rows of fpits of earth may thrn 
be laid, to raife the Tides of tlic puddic diteh, and the bank 
may be made up to the fame height by fredi duff whecUd 
in from the canal ; and care being taken to lay fpits of earth 
to form the (lopes A B, and E C, as the works proceed up- 
wards, particularly the infide ilope C E, which diould be 
well trod and confolidated by ftrokes of the tool to prevent 
its falling down, or being diilurhed by the water when the 
canal is Wled ; another courfe of puddling-du(f U then to he 
added, and all the fame procefs gone through till the puddle 
has arrived at the height of top-water, or an inch or 
two higher, which being properly fet, the bank is lo be 
made up, covering the puddle compKlely up with common 
(luff, to the intended height ol the top-bank B C, with 
proper rdlowance for the fettling ; and obferving that the 
puddle will not fettle near fo much as the other linff, if at 
ail. The procefs is no way different, by which the otlur 
bank L 1 1 C P, and \U puddle ditch, arc to be can'icd up, and 
completed to the intended height. The pait of the canal, 
with puddle-gnttcra, 14, of which wc have been fpeak- 
ing, has, in general, a lump or ridge of ftuif remaining in 
the middle of its bottom, until the very laft : a different fyf- 
tem ought, however, to be purfned with fuch parts^^, 15, 
as rec|uirclo be lined ; here the binks AB qn^ and v / K P 
may be at once made up, and the whole of t!ie fpatc n n v 
ought to be cleared for certain diftanees, btfore the lining 
of the bottom can be bigiin. A great deal of management 
h required by the ovtrfecr or contrattori to manage all thefe. 


parts of their buftnefs, fo that there is no hindrance of any 
part of the work, that every man is provided with (luff by 
the wheelers, when he wants it to make up his banks or to 
fiddle, and that the parts to be lined are cleared in time. 
To accomplifh all thefe objefls, a good part of the (luff can* 
not be wheeled diredlly out to the neared or oppoftte points 
of the bank, but it mud be worked forwards and back* 
wards obliquely, on the runs of wheeling planks by the 
wheelers, as occafion may requ’-c. It may often be ncccf- 
fary to exceed one or two, or perhaps more, ftages of wheel* 
ing, to avoid taking out the ftuff and clamping it, by which 
it would require filliug again, damage would, in mod cales, 
be incurred on the adioining lands, and frequently the pud- 
dling and working of the banks would be impeded, by crofting 
them to land the ftuff. 

A length of the canal that is to be ImcJ being cleared, 
and the bottom levelled and cleaned fmooth down to the line 
r /, a courfc of puddling-ftuff about 10 or 12 inches in thick* 
nefs is to be fpread over it, with all the precautions, to 
extra£l extraneous and hurtful matters, which have been 
before given, and the whole is to be wetted and allowed to 
foak if ncccffary, as before : the working of this puddle is 
now to be begun ; and as the extent will generally be large, 
feveral men may be employed, at once, upon it, fo as to make 
it worth while for an overfeer employed by the company, 
lo attend them conftantly to fee that no part of the work 
is (lighted : as the bottom in this cafe is fuppofed to be 
fand, loofe ruble of a rock, chalk, or other matters, that 
would injure the puddle if mixed therewith, wc have recom- 
mended a thicker courfe at Tirft than is ufual of puddling- 
ftuff, and in working the fi^mc the men ouglit not to llrike 
their tools deeper or even quite fo deep as the bottom of 
the puddling-ftuff to avoid difturbuig the bottom. When 
this courfe of puddle has been allowed to fet, another courfe 
of about nine inches is to be added, and treated as before, 
till about three feet of puddle is added, if tlic foil is very 
porous ; and the lop courfc being fet, a courfe 18 inches or 
two feet thick of the common loil or ftuff Ihould be laid 
evenly upon it and Iik* bottom levtlh d ; tfiis covering of the 
bottom fhould be rHlhtr dry, and not in large lumps, or with 
great llonts or flicks in it. 

I'he //r/Ng of the fulcs is now to be proceeded with as fol- 
lows ; the lop covering of the bottom ftiould be removed for 
three ftet in width next each of the flopiug banks; and 
the furface of the puddle be carefully cleared of dry lumpr, 
ttoH'-s, &c. ; a thicknefs of nine inches of goed puddling- 
ftuff is now to b * laid in this place and wetted and worked, 
and vdlowed to fet as befoic diredlecl, when another nine 
inches is to be added in like mnr.cr ; fome commem ftuff 
from the digging of the canal is then to be brought in fpits 
or fods, and carefully piled up for two feet in width, and 
about nine inches in height, hatching-hack before and 
behind, agreeable to the Hopes F E and G L, and leaving 
a fpact or puddle-ditch beliind, next to the fidcs r n, and 
sv; the furf^Kc of the puddle at tlie bottom of thefe is to 
be careful'y cleared, r.ine inc’ es of puddling-ftuff applied, 
wctlei, worked, and allowed to fet as before : more fpits 
or fods are t ien to he piled in the fiont, as a facing to keep 
up the puddle, and thtir int'-Tllices (ho»jld be filled with fiut: 
ftuff to make the whole folid ; wdicn pudesUng fluff 13 again 
to be applied btliind, and the fame procefs repeated till 
the puddlf and facing arrive at q\) and H/, when the re- 
mainder is to be made up with dry ftuff and fpits to the top* 
bank level at C and 1 , as diredea in the former cafe. 

The i.ift of tlicfe ways of making a canal water-tight ie 
the more tedious and txpenfivc of the two ; it is however 
general, aud may be applied in aoy filuation with perfed 
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fucccfs. Mr* 7 homas 'Tclfar<i% in Plymiey*s jIgrtcuUural Re» 
port of Shrop/hire^ 8vo. p. 29I, when fpcaking of the Shrop^ 
Jhire canal, fays, “ This canal, carried over high and rug- 
ged ground, along banks of (lipping loam, over old coal- 
mines, and over where coal-mines and iron-ftone are now 
a6tually worked under it, is a fatisfadory proof that there 
n fcarccly any ground fo difficult but where, with proper 
exertions and care, a convenient water conveyance may al- 
w^ays be obtained." And we have heard of indances of 
canals being condiidcd over ground fo rocky, and abound- 
ing with fuch great chafms, and loofe pieces of rock, that 
many yards together of the canal bottom might have fallen 
in, had not the precaution been fird taken, of removing all 
the fmallcr and loofe ftones and rubblfli, and wedging in 
the large loofe pieces of rock with Hones, fet in mortar, 
and thus rendenng the foundHlion found, on which foil to 
fill up the inequalities, and a lining and facing was applied 
as above, with pcrfc6i fuccefs. Wc have already obferved, 
that fome perfons have thought it right to omit puddling or 
lining, W'here fprings appeared in tlie bank of a canal ; and 
the matter is of fo much confcqucnce, that w c beg farther 
to obferve, that the appearance or non-apjjearancc of fprings 
ought in general tohave no tffed in determining the propriety 
of thefc enential mcafures ; if a fpring is of any life to a canal 
it will rife, owing to the puddle-ditch or lining, and run 
over the fame into the canal, and no water will be thereby 
loft ; and if it w’ill not fo rife, it may fafely be ranked as a 
drain of the moft mifehievous kind, inftead of a fupply, and 
therefore very effcntial to be flopped up. 

In cafe it is found that there is ftuff to fpare after com- 
pleting the banks, it will fometimes be advifable to remove 
the top-foil from A' A in low'placca, and after fpreading the 
extra ftuff fo as to make the ground good, to return and 
fpread the foil up m it : the part P P' will often admit of 
fimilar treatment, and fometimes fudden hollows there may 
be filled up, fu as to have a fall to the top-bank 1 K, and 
avoid a deep ditch through an adjoining fwell or rife of the 
ground at P, to carry oft the rain water to a culvcit where 
it is to pafs under the canal ; where it happens that P P' is 
wafte or ground of little value, or the company is pofTeflld 
of a piece that they have been obliged to purchafe suid can- 
not readily difpofe of, it may be proper to makt t heap or 
fpoil-bai-k of any extra-ftuff, to be afterwards bleated away 
as occalion may require. If a deficiency of ftufiP ts experi- 
enced to complete the banks, the part P P' furniftics a good 
rcfource in many inftances ; the top foil being removed on 
the higher parts, an excavation like l^yV'yfg, 14 and i 
may, and indeed mu ft in many inftanccs, be made wdth a 
proper fall for conveying the rain-water that falls in every 
part above the canal to the brook or culvert that is to take it 
off; the dope V* y ought to be fo tafy, and the top-foil fo 
fpread, that the land ffiall be as fit for agricultural puipofcs 
afterwards as before. Another rcfource ought in an earlier 
ftage of the bufinefs to be provided, in the deep-cutting, 
by marking out a yard or two or more width of ground to 
be purchalcd on the upper or deeper fide, than is actually 
wanted, by which a great deal of fluff may be procured at 
cl comparatively fmall cxpcnce of land ; it muft be evident, 
that the rcfourccs wc have pointed out above arc inadequate 
to receive any great redundancy, or to fupply any great 
deficiencies of (luff, and are only fufficient where the canal 
has been ftt out with fcrupulous care ; bungling, or carekfs 
canal-makers muft be c<>ntent to leave lading marks of 
their incapacity or folly behind them, in the many fudden 
bends into the hill that they arc obliged to make to obtain 
{tuff, and out of it to difpofe of the fame in other places, 
with cumcrous wider oi* deeper places on the canal to make 


up the banks, or in enormous ^oil-hanks or ufclcfs excava- 
tions. Where a referve of ftufi has been made in the deep, 
cuttings at fcvcral points on each level or reach of a canal, 
as above-mentioned, it will be the better fault of the two, 
to experience a deficiency of ftuff; bteaufe as foon as the 
bottom of the canal has been cleared, and the lining of 
tlic bottom and fides for fonit height performed, or the pud- 
dle-ditches carried up, the canal may have 1 8 inches or 2 
feet of water let into it, and dirt -boats may be ufed to carry 
fluff from the deep cuttings to make up the banks in other 
places ; 'whereas all redundant or fpare ftuff muft be got out 
before the bottom lining can be applied, or any effectual 
ufe made of boats to move Iluft from place to place ; and the 
fame advantages will be experienced in fit nations where 
puddling-ftuff is only to be procured at particular points on 
the line, by cltaring out and completing the bottom part of 
the canal for cowfidcrablc lengths, fo that dirt-boats may 
be ufed to bnng the fame for the puddling or lining of the 
upper part of the hanks, which, if there is fpare ftuff, can- 
not be effc£led without heavy expences in moving the 
fame and forming fpoil-banks. Where the line of a canal 
is to crofs an txteiifive ilratum of valuable brick earth, or 
one of good gravel for njaking of roads, it will often be 
advifablc, efpccially if tlic line can be rendered more dirc£l 
thereby, when fetting out the canal, to cut pretty deep 
into fuch materials, and even quite through tlic gravel, if the 
fame is pra£licable, as might have been done at Dawley- 
dtep, between Paddington and Uxbridge, on the Graml- 
Juntlirn canal ; for altliough confiderable cxpencc will in 
the firft inftance be incurred in digging and in damage for 
fpoil-banks, yet fuch materials, as good briek-earth and 
gravel, w'ill in alrnoft every inftance find a n arket as foon 
as the canal is opened ; fuen a fituation of the canal may 
prove of effential fervice to its trade, by enabling the adjoin- 
ing proprietors to work the whole thicknefs of their brick- 
earth, gravel, or other uftful matters, and deftroy but very little 
of the uirfacc of the ground, and wiihoutbeing annoyed by wa- 
ter, but which the canal w'ould catch in very confidei able quan- 
tities perhaps, inftead of lofing water by preferving a high 
level through porous fluff. It is highly to theintereft ofa 
canal-company to give facility to the getting and convey- 
ance of all uleful articles within their diftridt, at the cheap- 
eft poffible latcs, as the only means of opening new fources 
of trade or manufadtures, by which their concern will be in 
the moft effcntial degree bcncfitlcd. In diftridlb where done 
and giavcl for making and repairing of roads are fcarcc, it 
will bt proper to pay the labourers certain rates per cubic 
yard for all the ftones or gravel that they may colledl out 
during the vvenk, and Hack in proper places; as rtfourccs 
for the making of the towing-path C/, and for 

making good ihc' landing or afceiu to the feveral bridges, 
and the feveral pieces of new road that the engineer will 
have to form, near to the canal and bridges ; llie lock-banks 
and all wharfs and landing places fhoidd alfo be covcicd 
with good gravel to render them fafe and convenient for 
ufe: if good gravel can in places be interfedled in dccp- 
cuttings, much of the above cxpencc, as well as of cart- 
age, may be faved, by an early ufe of dirt-boats in the bot- 
tom of the canal. It cannot, wc think, have failed to ftrike 
every reader ere this, how very important and various the 
duties of the xtfident engineer are ; but the fame will be much 
more apparent, when wc fhall have finifhtd, in the follow- 
ing pages, the more particular obfervations that occur to 
us under the heads of refervoirs, feeders, aqucdudls, embank- 
ments, culverts, fafety-gates, weirs, tunnels, dcep-cuttingSf 
locks, fubftitutes for locks, inclined planes, rail-ways, 
bridges, towing-paths, fences, drains, boats, towing or mov- 
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inpr boat* and trams, cranes and implements, &c. of which wc It will fometimes happen, that the valley in w hich the 
(lull proceed to treat ; after ohferving, that none but men of refervoir is to be made, has other valleys paiallel to it, on 
the integrity and extcnfivc knowledge ought to be one or both of its Tides, fuch, that by beginning a fnigli 

employed as refidcnt tnginccis, and that the committee and or fmall tunnel above the level of the refervoir, continuing 
principal engineer ought not to hefiUite in offering and pay- it with a fmall rife througli the adjoining hill, and from its 
ing fuch men a veiy liberal falary, to engage the whole of further end continuing a ditch or feeder along the fide of 
their time ; and, that too great a length of line or extent of the hill rifing gently as it proceeds till it interiedU the bot* 
bufinefs fiionld not be put upon fuch a man. I'lii*. is the tom of the vale, a brook or confiderahle 11 ream of water 


proper fpliere, where young men or others, of knowledge 
and perfcvciiiig indullry, who are coming forwards in their 
profeflion, fiiould cxeicilV and give fpccimcns of their abi- 
lities as engineers ; and it will prove of the utmoll importance 
to fuch, as well as to a company who have an extenfive line 
of canal to conllrudt, to employ more than one of fuch men 
at the fame time, upon adjoining lengilis of the canal ; where 
their emulation may be excited in an hononrahle coiitcfl, as 
to thofc who fhjili execute their portion of hufinefs in the moll 
Cvimpicte, ordniy, and economical manner. 

One of the firll confiderations relating to the corjlmn'ton of 
a Refervoir for fupplying a canal, is the fiipply ol w'ater that 
is to be cxpedled for it, and in wliat propoitlous at difi'erent 
times of the year: for this purpofe we fiippoftf the enginttr 
to be furnilhed with an accurate furvty of the vale or vales tliat 
lie above the intended refervoir, fo as to be able to calculate 
exadlly, how many fquarc miles and fradiioiis of furface 
drain towards or vent their rain water through the part in- 
tended to be embanked fur the refervoir; it will be very 
proper alfo to be furniflied, if polTible, with the exad gauge 
or quantity of water that has adlually in former years been 
difebarged by the brook or (beam that is to be embunktd ; 
as alfo with the quantity ot depth of rain which ufually 
falls within the drainage of the intended refervoir* If tlie 
length of lime that has elapfed, fince the lituation of the 
refervoir has been determined on, has not allowed of caicfnl 
and accurate experiments being made on thefe points, the 
engineer mull affumc them from the bell data that the in- 
formation of millers and other perfons v ill alTord, and the 
printed tables, or journaK of rain, kept by curious perfons 
in the nearell fimilar fituations, mull bcconfuited : it is par- 
ticularly neccliary to attend lo this iaft circiiinliunce, becaufe 
there arc, we believe, inllances of places where the annual 
depth of rain docs not amount to a foot, and others in which 
it exceeds live feet; while -’3 inchcj* is about the medium 
depth of rain annually, at or near London, "i'he moil pcrhift 
method of obtaining true information on this fiibjed, is to 
gauge the difi'erent fprings or llrearr.^, from w hence the fup- 
plies of water are to be derived, and thus to afccrlaiu the exacl 
liirplus, after the mills are amply furmflied. In the great 
coutcll about the Rochdale canal, Mr. Rennie liad all the 
llreamF, which could be afl’edtd by the propofed rtfervoirs, 
gauged for about a year. He firll afccruincd the Hate of 
thele llreams at a time when the mills were amply fupplied 
with water, and had proper gauges fixed upon them. The 
daily difference was tr.eafurcd, and the furplus thus afeer* 
tained amounted in the year 1793 to fixteen times the 
ordinary produce of the rivers. The evaporation that 
takes place, from a given futface of water in different places, 
ha® not ytt been fo accurately obferved as the importance of 
the fttbjedt to canal engineers deferves ; Mr, Bevan*s obfer- 
vation® thereon^ at Leighton-Buzard in Bedfordfhire, con- 
tinued for five year®, to the end of 1804, gave an evaporation 
of 'XZJ)i inches at a medium per annum, while the depth of 
rain there, in the fame period, was obferved to average 23.28 
inches; in fomc years the evaporation confidcrably exceeded 
the depth of rain, and in others it fell as much (hort of it or 
more. On this fubje^l, fee the article Evaforation. 


may at times be there ii)terfe£lcd and brouglil into the re- 
fervoir ; or, another cafe may happen, in which the adjoin- 
ing valleys im'lead of being parallel to, proceed diredlly 
fiom the refervoir valley, and yet feeders may be fet out, 
fo as lo colleft great quantities of rain and fpring water, 
fiom the fides of the hills that flope tow'ards the adjoining 
valleys, and through which it would other\^ife elcapc. Both 
ihtfe methods we faw fucctTsfully pra^tifed about the year 
I7(y6, for increafing the fupply to the new w'atcr'mcadow® 
w hich the late Dule of Bedford had diredeJ his agent to 
conllriidl near Woburn. A parallel valley, which crofles the 
turnpike road at about 43^ miles from London, has its 
11 ream of water diverted at that point, and through a (hort 
tunnel into the Woburn vale, which it otherwife would not 
have reached lor a irile or more, and at a much lower level. 
From the lowed point in the lidge of high laud that fepa- 
lates the Woburn vale from one that proceeds through 
Potfgrave paiifii towards Leighton, a tiench or feeder was 
begun, and carried for a mile or more along the fide of the 
hill in Potfgrave, by which the rain water of 3 or 400 acres 
of land was brought into a rcfcivoiriu a branch of the Wo- 
burn vale, to be referved for ufe. 

The engineer, wdio has well confidered and afeertained 
all the circiim (lances of the vales in or near to which his re- 
fervoir is to be coiiftru6led, will be able, by help of a num- 
ber of levels, carried round to where the furface of the wa- 
tt r will extend at every 5, 10, 13, 20, &c. feet in depth, or 
oftener, if the nature of the ground requires it, to calculate 
to what height the head of the iuteiuled rcfcivoir mull be 
embanked to retain all the water that Iiis vallics can I'ipply, 
betu^cn the times that it is fed by rains and fprings, and 
required to be let off to the canal or mills, or fuch quan- 
tity only as it may be uecefiary fo to retain, according to 
the principles before L’id down. 

The ncctlfary lulgiit of the head or embankment for a 
refervoir being determined, the next (Up will be to examine 
minutely the nature of the llrata and foil that are to be co- 
vered with water, and whether the whole or any part of the 
fame is fo porous as to require lining with puddle, as alfo 
the nature of the Huff which is to be ul'ed in forming the 
head or bank, as thereon will depend, in a great meafure, the 
degree of Hope which the banks ought to have; i^to 2 feet 
bufe to one in height feems the ufual Hope ; but if the foil 
Ihould prove a flippery clay, as at the Aldenliam refervoir, 
belonging to the Grand fundlon canal, a greater Hope 
(hould be given, as well as the precaution taken, of putting 
ill frequent layers of fand or coarfe gravel, to lelTen the ten- 
dency of fuch foil to flip. If the refervoir will require bot- 
tom lining, yet Hill it will not fometimes be right to truft to 
lining lor tlie head of the refervoir, but to carry up a puddle* 
ditcli in the centre of the head, becaufe if the infidc of the 
head Ihoiild happen to flip, the lining would be broken and 
dilluibed. The Hopes being fettled, it will be right to make 
a crofs fedlion of the valley at the place of the centre of the 
brad, as A C B (Plate /. Canah^ fg, 16.) and to determine 
by levelling, and mark out the places of, as many perpen- 
diculars or equidillant ordinates a, b, c, &c. a® the width of 
the head and the nature ol the fide® of the hiUi A C and 
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C B may rcmiire ; we are next to confidcr, t>iat the fcftion 
of the intended bank at every one of the points a, b, c, &c* 
will be nearly triangular, as I) GF, fy, 17. (except want- 
ing a fmall triangle G H 1 at top) K K being equal to the 
ordinate b, Cy See. in every calc; the bafe D F, or widtli 
of the head at the different places, varying acconling to the 
height K li, and according to the iiidination or fall of ihc 
gVound D F, compared villi the hotl/ontal lines F L and 
1 H. A theorem for and FF will readily he ob- 

tained with the ahovt; data, and tl cfe dillancts being cal- 
culated and laid off on ^hc groniul, fo many points for the 
bottom of the flo^pt', will he deii-rTnint d, and a can fnl wotk- 
niaii will find no diffienlty, by pegging down his lii>/ and 
liolding his grafling-Uxd in the inclining pt>lition 111) and 
I F, (as before mentioned rtfpidling marking cuit the ca- 
nal) to mark our a lock-fpit, as a boundary or b.dc foi the 
intended embank nnmt. 

If the feverai triangular feclions D G F are taken near 
enaiigh to each other, A a. ah, L Cy &c. and arc carefully 
calculated (for which pinpoic in vciy large vork?, tables 
framed from the theorem will be found the readicll way), 
by deducing a ttiangnbir pnfin, wbofc bafe i? H G I, and 
length A 16 and 17, the folidcouttius of the required 

bank will be very cxaclly obtained ; and the moll eligible 
fpots for obtaining that quantity of Huff, as near as may he, 
without endangering the flipping or liability of the hank, 
may be rnaiked out ; and the work will then be in a date to 
be let to the conlradlors who are to execute it. But before 
tills is begun, it will be ncceffary to provide for the cfcapc 
of the furplus water when the refrrvoir fliall be full, as alfo 
for letting out the water for ufc ; for thefe purpofes an 
arch of brick- work, or of done, may be begun at the lower 
limit of the bank in the loweft ground or brook courfe, 
as at D, in iS, and continuing the fame on a level to a 
point M, fomc di (lance within the head D H 1 E of the re- 
fervoir; D'L' being the lowtll ground or longitudinal fcc- 
tion of the valley. This arch mould be high enough for a 
plank to be fupported and fixed on irons or bearers a^ofs it, 
about a foot from its bottom, on wluch a man can conveni- 
ently vvalk along; and, for tins purpofe, the ar^h had 
hv ltcr be made elliptical, or higlicr than it is widcj a fccurc 
i.'on gate fhould alio be provided, to be ktpt locked at a ftw 
yards into the aieli from 1), for excluding improper perfons. 
At the termination of tlie level arch at M, there fhould be a 
circular well of C or 8 feet diameter more or lefs, fccording 
to the greatnefs cf the floods that may be expected, to be 
funk 6 or 7 fett detper than the arch DM; its bottom 
fhtuiKl be formed either of one very larje flat (lone, or of a 
few well jointed ones lakl on a courfc of puddle, and on this 
the Ikining of the well fliould be begun, with bricks of the 
very bell quality, well keyed up and embedded in cement ; and 
having a courfe of puddle of 9 inches or a foot thick, worked 
all round behind them, alio vnng the fame to fet as the woik 
advances in height ; this well, and the arch D M. are to be 
ftciirely groined into each other at M ; near to this groin, 
or within reach of a man fbndiiig on the end of the plank 
above mentioned, which fltould not advance quite up to the 
well, fliould be a large brafs cock worktd into the walling ; 
the month of this cock fliould be turned down, fo as to dif- 
charge its llvcam of water exactly in the direftion for 
the centre of the bottom of the well; and from the cock 
Ihould proceed a large pipe of lead pr call iron behind the 
wall of the well at fomc diftance, for which purpofe it 
will require a confiderablc bend, and this pipe fliould 
proceed, foundly embedded in good puddle, towards a con- 
venient place as S, in the bottom of the rcfcivoir, where 
it fliould terminate under a large and ftout box full of 


holes, or a fine grating, to prevent the entrance of fiffi 
or any thing that might choak the pipe or cock. In 
conllrufling the ai'ch before mentioned, after it has pro. 
ceded from D as far as the intended pud .lie -ditch cd; 
the puddle-ditch fliould be dug out for feme dillance on 
each fide acrofs the arch ; the fame fliould be continued 
down to Wdicr-tigiit lluif, or at kali for fomc depth into 
otner maiur, if inifo*nMiatcly (uch is not within reach ; and, 
when the puddle is caiiicd up and fet, as aliu a courfe of 
puddle ill the boUoui of the arch courfe ^/M, wliicli fliould 
have been dug deeper for fwch purpofe ; the bottom of the 
reuMinder r/M of the arch fliould be carefully laid on the 
puddle, and a centering for tlic aich is to lie laid on the 
fa.ne and lirndy fccinxd down; tliis precaution being necef. 
fary to prevent the femiftuid puddle that is to be applied fuc- 
celfively vvithoutfidc the arch, as it is carried up, from floating 
or burying up ilic centering along with the lower pari of 
the arch. The work is thus to proceed until the part of the 
arch ^/M is completed, andinclofed compKtely in a cafe of 
good puddle, thoroughly and complcttly joined at one end 
into the puddle-tlilch at fly and into the puddle that fur- 
rounds the well N M at the otlier. When the well-fteining 
has been carried up to M, it will be ntceffury to increafe the 
thicknefs of the puddlc-wall round it, to three feet or more, 
taking car;, that the extra width is firmly bedded upon un- 
diflinbcd and folid earth. The well is intended to be carried 
up in the fame manner, fin rounded by puddle, and by a co- 
nical embankment of earth OPQ^R, to within two feet 
of the height of the bank H I, leaving a channel of fevcral 
yards wide, and of confiderablc depth, I O P, between it 
and the bank or head D H 1 E. It will be neceffary for 
the engineer to calculate and mark out the bafe of this co- 
nical embankment upon the ground, with allowance for 
ample flopes to prevent flipping or its wafhing down by the 
waves : it w ill alfo be proper, for enfuring (lability to the 
work, to reduce the whole of the top of the w^ork to one 
level as K L, as foon as can be, by fucceffive layers of fluff 
thereon, and of puddle in the ditch aejly and round the 
well N M : and, if the bottom of the refervoir will require 
lining, owing to the porufity of the foil ; it will be right, 
after levelling and treading the part h \i perfc£tly, to cover 
the fame wnth ^ or 4 coinks or linings of puddle, joining 
the fame perfeclly with the puddk-diteh, and the puddle 
round the well, to which courfes of puddle the bottom 
lining is aftcrwatils to be carefully joined ; and after this is 
properly fet, the remainder of the bank L H I E. and of the 
cone O P Q^R, may be proceeded wdth, as we have before 
mentioned, when treating of the rearing of canal banks with 
puddle-ditches in them. The bank or head being completed 
to HI, and the well NM, and conical embankment OPQ^R, 
being alfo carried up to the proper height, the well fhould 
then be coped with a layer of the bell hewn flones cramped 
together, and the top reduced to a perfect level ; and for 
fccurily, it will be right to pave the furfacc of the top PQ, 
and for fome diflance down the fides of the conical embank- 
ment, with paving Hones pretty well Jointed, and fet their 
longed way into the foil, filling their joints with mould, and 
fow'ing grafs-fccds therein, to prevent the waves from 
afterwards loofening the flones or wearing the bank ; this 
conical bank is for enabling the water to fall into the 
well on all fidcs ; if the well was made in a corner of 
the refervoir, much digging would be required, both for 
the arch or pipe to let out the water, and for the difehafging 
arch DM. 

We have been thus particular in deferibing the circular 
weir or well-fall above recommended, from having feen the 
bcAcficial effe&s of onC| in the refervoir for Worfley mills 
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near the duke of Bridgewater* % canal ; and the mifehief 
that is fometimes done to the banks of a refervoir and 
the adjoining lands, by letting off the flood-waters by 
common weirs or tumbling bays at the corners of the 
refervoir, and fuffering it to find or rather tear its own 
way down into the valley. Refervoirs conrtru6ied on the 
above principles would be fecure almoff from accident, 
however high the embankment, or fudden and copious the 
floods, if the well is but made fufHciently large, and deep 
of water at the bottom, to receive the (hock of the de- 
feending column of water. If the floods arc fo confiderahle 
as to bring down timber and other large floating matters, it 
will be neccllary to fix a llroag grating or circle of bars 
round the top edge of the well bank P It will forac- 
times happen, that a refervoir is over or near to the navi- 
gable tunnel of a canal, and might be let down into the 
lame by a pipe and cock as at Ripley on the Cromfordt and 
near Braunlton on the Grand JunQion. It will be proper, 
that the core or plug of the cock to a refervoir fhould be 
turned by an endlefa ferew, or by toothed wheels, fo that 
confidcrablc power and nicety in the adjuftment of the ftream 
let out, by the turning of the cock, may be attained ; and a 
regiiler mould be provided of the number of turns, and 
fradions of a turn, that is given to the winch or handle 
in any cafe. It will be proper to flanch on a fmall pipe to 
the large one, and conned the fame with an inverted glafs 
fyphon filled with mercury, in the arch near the well, 
fo that by turning a cock, the height of the mercury fhould 
indicate on a fcale attached, what depth of w^ater there is in 
the refervoir above, or how much it wants of being full at 
the time. A ferics of accurate experiments fhould be made, 
by gauging the ftream of water at D, or at the firft conve- 
nient place below it, which the cock difeharges per hour or 
day, when the water is at different heights in the refervoir, 
and with different turns of the cock-geer ; thefe fhould all 
be repeated, and fufficicntly numerous, to enable the engi- 
neer by interpolation, to fill up and form a tabic, (that the 
committee ought carefully to preferve copies of) by which 
at any given height of mercury, the cock can readily be fet 
to difeharge any number of locks full of water that may be 
required per day. No great difficulty would attend the 
forming of a gauge-puddle, inftead of, or by the fide of the 
brafs cock that fhould regulate itfelf, and difeharge any re- 
gular and conftant quantity of water that the refervoir could 
iupply : fee Leyhoum*s Repertory ^ 8vo. queftion 8/, p. 165. 
It will be right alfo for the engineer and committee, to have 
tables for readily ffiewing the quantity of water that every 
refervoir contains, at each foot or fhorter portion of its depth, 
indicated by the mercury in the fyphon, or by a graduated 
gauge-poft fixed up in any part ; tor forming a table of this 
fort, where a complete lurvey had not been made or pre- 
(erved at firft, the time of a hard froft fhould be cbofen, and 
a fufficient number of holes at equal diftances, in a great 
number of parallel or eejuidiftant lines, fhould be bored^or* 
cut through the ice fuificiently large to let down a plummet 
to found the depth, and if this is done with care when the 
refervoir is full or nearly fo, a moft corred table of its con- 
tent at different depdis, cau be thus obtained by calculation. 
Some of the conuderable refervoirs that have been con- 
ftruded for canals arc, at Aldcnham, Daventry, and Wil- 
flone on the Grand yunSion f Kilfyth on the Forth and Clydes 
Branftone, and Denton on the Grantham ; ^ Ripley on the 
Crmfards Amfwoitb on tke Nottmham ; Littlworough on 


and the water in general very deep. St , Krriol reservoir, con- 
ftruded about the year i6/ on tho canal cf Ltingu Itc in 
the fouthof France, occupies a fpace of acres, H;. 
are walled round with free ftont, and its waters lot o )t v uci: 
w^atited, by a large pipe and cock. 

In conjlrntting Feed:r$ or channch to convey water to a 
canal from fprings, brooks, 01 refttvoirs above its Icvc^ tin* 
fame care mull be taken to examine the nature of the foil in 
every part, and to a])ply a liniu;:;* of puddle, as luve befort. 
been mentioned refpedting the line of a caiud, wherever po- 
rous Huff is to be cot through. Where there are a great 
number of undulations in the ground, through which a 
feeder is to be conduced, that would occalion it to hr 
very crooked and rai:cb impede the cultivation of the la jkI, 
it will be proper, in many inftaiuxr,, clpccially if the land bv! 
valuable, to covci over the feeder in a culverl or fn^.dl arch 
of bricks, of 18 inches or 2 feet di-Mvetcr, or larger if ilic 
fupply fliall at any time require th-* i.imc : in vtry porc’S 
foils, thefe culverts, inclofed in puddle, will be the moll 
cffet^lual w'ay of preferving and condu^Iing fmall ftreami: 
of water, and no land will thus be loft to culcivation. 
In fome places, feeders will require coiifidci*able embank- 
ments and aquedufts, to crofs valleys and llrcams of water, 
and preferve their level, or gradual and fmall fall; and in 
many of fiich cafes it will be cheaper and better to ufc calt 
iron-pipes well jointed and flanched, and laid within the 
ground, down one fide or bank of the vale to be pafTed, 
and up the other, fccuring each end carefully with a ftrong 
box full of holes, or a fine grating to keep extraneous matters 
out of the pipe. In the cafe of fmaller feeders, particularly 
thofe temporary ones, which arc required to fupply water to 
puddle with, and to fill the bottom of the canal for the tem- 
porary ufc of dirt-boats w'hile m.iking it, as before mentioned, 
elm-pipes in ftiort lengths, in which the moft crooked arms 
of large trees will come into ufc, may be advautageoufly 
ufed in crofling hollow roads, or other fudden ravines, if the 
fame be jointed by (hurt hollow double cones of caft iron as 
recommended by Mr. Hornblower: fte Repertory ^ vol. x. p. 
25. It has often happened, where refervoirs arc fuuate at 
fomc diftance above a canal, and a brook-courfe led from the 
refervoir to the canal, that the water was left to take its an- 
cient courfc on being let out of the refervoir ; an expert en- 
gineer will, however, carefully examine all fucli feeders, for 
thus they ought to be confidcred, and fill up all deep holes, 
and lower the (hallows in the brook-courfc, fo as to reduce 
the channel nearly to an uniform width and depth ; and very 
accurate gauges of the water ought to be made at different 
feafons of the year, of the quantity iffuing out of the refer- 
voir arch, and the quantity received into the canal ; if thefe 
differ materially, intermediate and comparative gauges fhould 
be made of the ftream, until the faulty or le^y ground is 
difeovered, probably fome ftratum of land or open -jointed 
rock ; over which the brook-courfc or feeder ought to be 
carefully lined with puddle ; and, if puddling-ftuff be fcarce, 
the foil very porous, and the brook-courfe very crooked, it 
may be the moft effectual way, as well as the cheapeft in the 
end, to pafs fuch leaky ground by a fmall culvert, inclofed 
in puddle under ground, by the fide of the brook-courfe, as 
ftraight as tke courfe of the valley will admit. Except in 
fituations, where mills in the vicinity of an intended canal 
are much in want of water, or their owners or others dif- 
pofed to thwart the fcheme, it has been ufuai to allow the 
company to fearch for, and divert to their ufe all fprings of 


the Rochdale s Marfdeu on the Huddersfield s Oxendon on water, within certain limits on each fide of their line ; in the 
Ldeefierfinrs and Northamp^orfinn Union ; in Rudyerd vale a£is for the Nsweafih underline JunH\on% the Souiham^on and 
near Leek, for fupplying the Caldon branch of the Trent and Sahjiuty^t and the upper part of the Tamer tfianure canals, 
^<i^/ctaal,whicacover»i^acreS|bMiUhead3ofectbigh9 this linut is fixed at xooo yardsi in the Aberdeen^ FAbrook^ 
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Tamar Manure \owtf If ^rU Thames and Medway^ Wilts and 
JBerksf and otherSf this i» fixed at 2000 yards on each fide 
of the line. In fuch cafeS) an accuiate inveiligatiori and 
knowledge of the Strata^ upon Mr. Smith's principles, 
will be of the moft effential importance, in order to col- 
led and retain fprings that arc above the fummit level, 
or even in lower fituations, where a local trade is to he 
provided for. It has been ufual in fome mining didrids 
to require, that engines near an intended canal fiiould 
lift their mine-water into fuch canal, or high enough 
to be conduded into it by a feeder, as on the 
mmgham and Fazeley canal. It will be worth confidcr- 
ing, on a fummit, where water is fcarce, whether a tunnel 
may not be more elig.ble than deep-cutting, on account 
of large fprings whicli would be interfedea by the lower 
level of the former, when the deep-cutting timft perhaps be 
in porous ilufF, or perhaps in dry open rock. As the fum- 
mit pounds or levels of moll canals arc va deep cutting, 
through a confiderablc portion of their lengths, it is often 
attended with but little additional cx pence, except in the 
cafe of tunnels, to make fuch fummits pounds one or two 
feet deeper in w^atcr than ufual, as on the Derby ^ Cromfovdy 
Manchefier AJhton and Oldham ^ Oxford^ and other canals, 
in order that fuch additional depth, being filled in winter- 
time or wet feafons, may atl as a refervoir for drier ones ; 
but it has not always been confidercd, that fuch deeper 
pounds, when filled 18 inches or 2 feet fuller than is 
neceffary, occafion the neccflity of letting off twice that 
extra depth of water, over the area of a lock, each time 
that a vefft! pafles the fummit ; by which, fuch referve of 
water is in a great meafure dillipatcd before the dry 
fcafon for which it was intended arrives. We (hould 
recommend, cither the ufc of refervoirs, fo much above 
the fummit level of the canal, that they could be emptied 
into the fame, when the continuance of dry weather required 
it ; or, if fuch deeper fummit pounds be made, on account 
of their confiderablc length for holding water# that a lock 
capable of penning 18 inches or 2 feet, and of ftutting very 
tight, (hould in fuch cafe be built, near each endotf thcfiim- 
mit, to be ufed as long as the fummit water it higher than 
ufual, but which might at other times be left open, when the 
water wa^ level on each fide of them. Before we quit the 
fubjeft of fupplying a canal with water, we beg to mention, 
that it may be worth the while of the engineer, where water 
is to be punnped up to fupply the lockage, as we have before 
mentioned, to defign and calculate the cx pence of wind-ma- 
chines, capable of doing the required work, and of the pro- 
bable cxpence of their repair ; and to compare the fame, 
with the coll of credion, cxpence in fuel, attendance and 
repairs, of well conllruded (Icain-cugincs to do the fame 
work. 

On the ercBion of AqueduSs for conveying a canal over any 
•very deep and wide valley, or over a large or navigable livir, 
wc beg to mention, that a moll fecure foundation mull be 
fought for, by finking, or obtained by piling, for the pitrs 
of an aqucdiid-bridge, and that the arches ought, in every 
cafe, to be arches of equilihriumy becaufe the leall fettling 
in brick or fione bridges, by letting through the water, may 
prove of the moft fatal confequence. That the pKin of an 
aquedud-bridge (hould be curving inwards, that is, tlie 
ends (hould be wider than the middle, the walls (hould alfo 
not be upright, but buttering or diminilhing upwards wltli- 
outfide, to give greater ftrength and (lability to the whole; the 
materiilB, If of ttone or brick, and the cement, (hould be of 
the very beft quality, and the work executed in the fummer 
^fon only, in Pl<Ut //. Canaltt I9» *°> **» 

luve gieen 1 fedion^. and elevation of an aquedud- 
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bridge, proper for crofting a confiderablc river, where, in fig* 
19, A is the river, B the canal, C the towing-path, and 
D I) the wing-walls, for keeping up the embankments .at 
each end of the bridge : in^j. 20, C is the towing path| 
and aa ^ lining of puddle to Iccnrc the canal B from Itak- 
ing. Care (hould be taken that all the joints of brick or 
(lone are worked as clofe as polfiblc in an aquedud-bridge, 
and thoroughly filled with cement; the (lopes wii bin fide# 
and the bottom for the canal, (hould be made rough, that 
the puddle ntay the better adhere to them, and that the 
puddle may not (lip, owing to the fteepntfs of the fidcs# 
which mull be more fo than in otiicr parts of the canal, 
to avoid, iinnecefiary cxpence of mafonry or brick-work in 
the width of the bridge, '^riie linuig as above is, however, 
liable to be foon cut away by the barges. Since the year 
1795* ® kind of iiquednds has been introduced into 
this country, compoftd partly of caft-irori, which promifes 
the grcatell advantages, except, perhaps, where free-ftonc 
of an excellent and durable quality is found upon or very 
near to the fpot, or where the fame is very dillant from any 
iron mines, or exilling navigations that connt£l with fuch. 
In the year 1797 * Mr. Thomas Trlfurd^ the engineer, wrote 
an account of the inland navigation of the county of Salop, 
which has fince been printed in J. Plymlcy's Report to the 
Board of Agriculture, on the Agriculture of Shropfhirc, 
and wc beg to cxtra6l iherefiom what he fays on this fiib- 
jed when Ipcaking of the Shreuflury canal, p. 299, as fol- 
lows : “ This canal pafles over the valley of Tern, at Long, 
for a dillance of 62 yards, upon an aquedud made ail of 
call iron, excepting only the nuts and ferews, which are of 
wrought iron ; anil 1 believe this to be the firft aquedud for 
the purpofes of a navigable canal which has ever been com- 
pofed wuth this metal. It has completely anfwered the in- 
tention, although it was foretold by fomc, that the efftda 
of the different degrees of hetTt and cold would be fuch as 
to caufe cxpaniion and contradion of the metal, which not 
being equal to extend or draw back the whole mafs of the 
aquedud, would operate upon the feparate plates of iron fo 
as to tear off the fianclies which conned the plates length- 
wife, and break the joints. Others faid, that the expaniion 
of freezing water would burll the iides, and fo break off the 
fianches which conned the Tides with the bottom plates : 
but after the trial of a fummer heat, and the very fcvcrc 
froft of the winter of I7y6, no vifible alteration has taken 
place, and no water paffes through any of the fide or hot> 
tom joints. After the froft had continued very fcvcrc for 
three or Four days, and the water had not been drawn off. 
(although there ajc means oF doing fo), but it had flood in 
the aquciluiit above the height of two feet fix inches, the 
ice had then frozen to the thlckncfs of an inch and a half, 
but inftcad 'of having forced out the fuies, it was melted 
away from tliem, and quite loofc upon the furfacc of the 
water. The idea of having this aquedud made of ca(t 
iron was firft fuggefted and recommended by Thomas Ryton 
efq. then chjiirm.in of the committee : after due confidera- 
tion, it was approved by the committee, and the principles 
of conftrudion, and the manner in which it (hould be exe- 
cuted were referred to Mr. William Reynolds^ and the writer 
of this article, (Mr. Telford) who, after feveral confulta- 
tions, and forming and confidering various plans, at laft 
dcicrmincid upor* ti»at which is reprefented by the annexed 
engraving, {Plate HR Canals^ fig* 22.) 

The caftings for the aquedud were done at' Kelley, 
and #crc removed to Long, a dillance of five miles, partly 
by land and partly by water-carriage. This aquedud was 
proposed in coufcqucncc of the great floods which happened 
in the beginning of the year 1 795, aud it was fixed up complete 
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h) March j 796.*' Mr^ Robert Fulton^ an American engineer, 
who happened to be in this country at the time, feems to have 
availed himfelf of what was going on at Long aqueduct as 
above, and of the machinery of various kinds, in ufe upon 
the Ketlej and Shropjbire canals, and to have prepared draw- 
ings and models of a variety of fuch machinci^, with many 
improvements of his own, and fubmitted the fame to the 
examination of a committee of the Board of Agriculture, in 
March 1796. Thefe have fince been publifhed in a hand- 
fome quarto volume, entitled, ^ Treatife on the Improvement 
of Canal Navigation^ by R, Fulton^ from which^ p* 114, we 
beg to extraei what he fays on con(lru6^ing aquedu^s of 
cart-iron for a narrow canal as follows ; “ The hutments and 
piers being raifed, it will only be neceflTary to extend two 
pieces of timber acrofs the fpan ; each to be braced back to 
the piers, and covered with plank to form a ftage or fcafFold- 
ing which w»ill an Twer every piirpofc of centres neceflTary to 
works of ftone. The iron-work, as in the feftion {Plate III. 
Canals i Jig >2;^ and 24.) may all be cart in open fand, and 
of the following dimenlions : fuppofing the fpan 100 feet and 
the fpring one-fixth of the fpan. Firft, three fegments of a 
circle, each in three pieces, about 36 feet long, eight inches 
by four diameter, to be united, as at A. Second, three 
ftraigbt bars, to extend from one pier to the other, to be of 
the above diameters, may alfo be call in three pieces, which 
bars ^re to extend alo^ig the top of the fegments to tlic 
piers, and form a line parallel to the horizon ; the bars and 
fegments to be united by perpendicular ftirrups like B, ten 
or fifteen feet difiant from each other. The mortice in the 
lower end of the rtirrup being thirteen inches long, will be 
fufficient to fecurc the fegment, and leave room for a hole 
two inches fqiiarc, through which a crofs brace, C, is to 
pafs, and farten the Ir^meuts at proper dill ances ; the brace 
to have a mortice^callon each fide of the rtirrup, in order to 
tighten the v’ork by wedges. On the top of the rtirrup, the 
fquare hole to receive tlic crofs b ace may be beneath 
the mortices, as in the figure ; by which in-ans the whole 
may be combined, and foi m an iron ilage to fupport the 
troughs. The trough plates Ihoiild be at leall one inch 
thick, the fide plou-s fix feetbumd, and a.» great a length 
as can conveniently be call ; which may he pei formed twelve 
feet, and perhaps more in length : the flange to be out fide 
on thefe plates. The bottom plates may be fi.\ fe,t \^^de, 
thirteen feet long, fevtn feet plate, and four arms projeft- 
ing, each three fret long, in order to fuppoit the hoifc-path 
and braces, as exhibited at D. Two of thefe plates laid 
acrofs the ttage, and ferewed together, wdth a flange under, 
will compofe a length equal to one of the fide plates, which 
may either meet or break joint as is thought proper. The 
whole may, in this mauner, b ferewed together, on pack- 
ing of wool and tar, and have the fcams pitched like thofe 
of a rtlip. On the plates compofing one fide of the trough, 
fmall brackets, about three feet from the top, mull be call, 
as at E, in order to fupport the horfe-path ; perpendicular 
rails, eight feet long, being raifed from the arms of the bot- 
tom plates, will fupport the outfide of the horfe-path, alfo 
the iron railing, as in the fc£lion. By this mode, two pat- 
terns will anfwer for the whole of the trough-plates, and but 
few will be required for the fprings, rails, and fpurs ; while 
the Caving in time and expcnce will be confiderable ; parti- 
cularly where it it iieccHary to bring the (lone by long land 
carriage ; for the arches being difpenfed with, and the piers 
not more than one third of the aimenfions necciTary to an 
aqaedudof ilone, will mdftimaterially .reduce the quantity 
of mafoniy.*' “ In aquedufta of fftone, one of the great 
difficolties is to line and puddle fo tight as to prevent the 
water penetrating into and injuring the mafonry \ but in one of 


iron, ftiould a leak take place it will inllantly app?v; and 
on (hutting the Hop-gates at each end, and difeharging the 
water, it may be Hopped in a few hours, if not minutes; 
this circumHance in aqueduAs is, perhaps, one of the 
greatcH prefervatives ; they are confequently lefs liable to 
inju^, and only fubjedl to the corroding tooth of 

Since the above period, a moH Hupendous work of this 
kind has been undertaken by Mr. JeJfopi on the Ellefmere 
canal, and is now nearly or quite completed, for crofling 
the Dee river at Pontcyfyltce, about 20 miles S.W. of 
CheHer ; where nineteen mallive conical pillars of Hone, at 
fifty-two feet from each other, the middlcmort of which is 
no lefs than 1 26 feet in height, fupport between the top of 
every pair, a number of elliptical call-iron ribs, which by 
means of uprights and horizontal bars, fupport a call -iron 
aquedudl about 329 yards long, 20 feet wide, and fix in 
depth, compofed of mallive Ihects of caH-iron, cemented and 
riveted together, having on its fouth fide an iron platform 
and railing for the towing-path. In May 1796 Mr. James 
Jordan took out a patent for fiifpending aquedu£ls from 
ribs of call-iron above them, in the fame manner as his fuf* 
pended iron bridges. See vol.vi. p.230. Among 

the moH confiderable aqueducts of Hone or brick are thofe at 
LancaHer on the I^ncqjler canal, for a dcfcription of which 
fee our article Bridge. AtKirkintolluch and atKelvln on the 
Forth and Clyde^ Chirk on the F/lefmere, Marple on the 
chejler AJhton and Oldham^ Monk -bridge on the Trent am! 
Merfey^ Whalcy-bridgc on the Peak Forejl^ Avoncliff and 
Dundas on the Kennet and Avon^ Sccl while at Burton on 
BridgewatePs^ a navigable river is paflTed, and near Wigan 
on the Leeds and Liverpool^ another canal ( the Lancqfler) 
is parted upon aqueduas. It was thought a bold and vi- 
fionary fcheme by mnny, which lAr, James Brindley pro- 
pofed, of crofling the Mer/ey river at Kuncorn Gap, by an 
aqueduil bridge, but no doubt he could have accoinplilh- 
ed it. 

The making of Emhankmsnis appears to have been long 
praftifed in China, where we read of parts of their canals 
of 200 feet wide, that are embanked 20 feet high, for great 
ljutrihs together ; the rivers through the feus of Cam- 
budge and Lincolnljiire in this countiy, have alfo been 
long confined thuJJ, by artificial banks. MoH of the aque- 
du<Sl8 of which we have been fpeaking above, have lets or 
greater lengths of fobd mounds or tmbankmenta for form- 
ing the canal upon, to the proper height, and for joining 
them to the aqutduft bridges ; all the obfervaiions and re- 
marks which we have made, rcfpc^ling the fetting out and 
afeertaining the dimeufions of the head of a refervoir, will 
apply to embankments ; except that a prifm whofe bafe is 
the figure G H L M N O I, Plate IV. of Canals^ fg, 25, 
^and length A B, fg^ 16. Plate I. is to be dcdu<^cd from 
the triangular embankment DGF, firH to be calculated, 
inHead of the triangular prifm G H I. The angle of the 
flopcs ought to be determined by the refult of fimilar inqui- 
ries, and the fame precautions ufed to prevent flips, in foils 
that are fo difpofed, as were mentioned rcfpedling refervoir 
heads ; it will generally be a fafer way to can*y up a puddle- 
ditch in each bank of the canal, as ae^ bf fig. 25, than to 
trull only to lining of the canal L M N O. In every con- 
fiderable embankment there will be required one or more 
arches to convey a brook or river under the canal, and» 
perhaps, others for roads to pafs through fuch archea 
(hould always have an inverted arch turned below them, 
deep enough for the bottom of the brook, and below the 
roads, and the arch itfelf fhould be one of equilibration. To 
avoid making a very large arch for a brook or fmall river, it 
if ufual to make a road or communication arch near it| with 
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its bottom well paved, and no higlier tlian the furface of the 
meadows, which will ferve to vent the fudden flood in rainy 
feafoos. 

GreaS care (hould be taken to (lope off and finiih the ends 
of arches under an embankment, agreeable to the Hopes or 
(ides of the banks thereof ; by which the banks are prevented 
from mouldering down into the brook or road-way, and awk- 
ward projediona in the Hopes of the banks are avoided : at the 
entrance or upper fide of a waterarch, or of road-arches that 
will occafionally become fuch, return or wing-walls of brick- 
work or ftonc Hiould be made, for fome diftance along the 
bottom of the Hope of the embankment, and the fliarp corners 
of the entrance of the arch fliould be a little rounded off, 
to prevent the rapidity of fudden floods from wearing or 
injuring the bank. It is to be obferved, in conduding a 
canal along the Hde of a fteep and high hill, as Plate I. 3, 
that after a certain degree of lUepncfs of the ground A' P', 
it will not be polfible tr> cut the canal, upon the principle 
that the excavation E F G I K P Hiull jult form the bank 
A B C £, but fuch banks v'*i!l often require Huff to be pro- 
vided from other .places, a?id fuch are indeed cafes of em- 
bankment.: and here it may be proper to advife, that new 
banks, as A BCE, ougljt not to be placed on very fleep 
ground, as A E, without confiderable care in firil forming 
it into levels like Heps, to prevent the flipping of the new 
part, as happened near Bradford on the Kennet and Avon 
canal, after ^all the care that was taken, and great lengths of 
the canal banks Hid down into the Avon river below, the 
making of which good again coH, we were told, near 
I cool. Among the confiderable embankments that have 
been made for canals, are thofc at Bollin and Stretford on 
Bridgewater and Wolverton, Weedon, and Bugbrook on 
the Grand jfunPion, &c. but the grtateft extent of high' em- 
bankment know'll, is that in the valley of the Boyne, in the 
Grand canal of Irtl^nd ; and the highcll bank in the woild 
•is alfo to be foutid on the fame canal in the valley of the 
River Rye ; it is above 9^ feet high. We are told, that Mr, 
"James Brindley ufed a kind of caifTon of planks, in forming 
his gr?at embankments, in which dirt boats were ufed, to bring 
ftiifl from the higher ground, that had been cut through. 

We have next to fpeak of Safety-gates, Stop-gaieSf and Stop- 
pluid'Sf which are diHercnt contrivance^ tor lluppttig the wa- 
ter of a canal in cafe the banks are failing in siiy part, or 
that any p^rt wants emptying to repair the works. Advan- 
tage is generally taken of the walls under the bridges, for 
conllrudling theu contrivances, where the fame happen in 
the proper places ; otherwif^ the canal iriiift be contrafted 
by upright wails, the fame as is done at the bridges on pur- 
pofe for them. For explaining the nature of fafety-gates, 
we muH have rccourfc to fg. where A B is fuppoitd to 

reprefent the top of the waP, or height of the towing-path 
under a bridge, CD the furiacc of the water, ai d Q^S the 
bottom of the canal ; E F G H is a pier of hewn tlonea, or 
a piece of found oak timber let into the wall, its face being 
'fluHi therewith ; I E G and H F K are nceffeS about two 
inches deep in the wall ; fimilar provifion is made in the op- 
pofite wall, for receiving doors or gates LM and N O acrofs 
the canal, turning on centres or hollow-quoins at M and N : 
each gate is fo balanced by a counter weight, that they reft 
alwa)S in the pofition reprefented : and they are intended 
to operate thus, fuppofe, owning to the fudden breaking of 
a bank, the water in the camu (hould acquire a current from 
Qto wards S, the (Ireaiii would pafs under the gate at PL, 
to facilitate which, the corner of the floor at P is flrped 
off.; the gate would be turned up into the potuion M E, 
and the canal would be thereby cl.!*cd up. 'I h^. hke would 
jiappen by the other gate N 0, in calc of a cunent the con- 


trary way. Safety-gates Hiould be placed at proper dif* 
tances on every long level or ppnd of water, efpecialiy if the 
fame is much embanked ; both to prevent the lofs of fo much 
water, in cafe of a bank breaking, and the mifehief that the 
fame would do to the lands, mills, flee, below the breach. 
Wc read of a new bank breaking on the Warwick and Bir» 
rningham canal, and deflroying a gentleman’s park-walls; 
and in the year 1783 (o great a breach fuddenly happened 
on BridgewatePt canal, near London bridge on the Cnefter 
road, that three barges w'cre carried through the fame a 
great way out into the fields. A (Ingle fafety-gate ought to 
be placed at the end of every long embankment, to Hop the 
water in cafe of a breach happening in its banks. Stop gates 
arc fimilar in their conilrudlion to the fafety-gates above dc- 
feribed, except that the gate lies flat on the bottom of the 
canal iiiHead of beit.g balanced, and has a chain by which it 
can be hauled up, whenever occaflon may require the canal 
to be Hopptd. Stop planLs are a fimple, though not fo ex- 
peditious a provifion for (lopping a canal as the laH ; a groove 
13 provided in the two oppofite walls under a bridge, or in 
a narrow and walled place, and a ft:(ficient number of well 
jointed planks are provided, to be dioppcd into the groove 
whenever the water ia required to be Hopped, and hence 
thefe are often called drop-planks. In very large works like 
the London docks ^ a bnige or veflcl is built in the place, 
w'hofe head and Hern polls exactly (it into a groove as above, 
and the vefTcl can be floated into and out of its place, or 
funk therein as occaiion may require. The engineer will 
alfo have to make provifion, while the canal is digging, for 
Jlop hars at the fevcral intended tolbhoufes, or other places 
where it may be neceffary to Hop barges in the night, or in 
cafe of any difpute about their lading ; thefe bars arc com- 
pof?d of a large baulk of fir timber floating on tbc water; and 
a fmall arch capable of containing fuch a floating beam of 
the proper Icngtli is provided under the bank, fo tba^ when 
the trade on the canal is required to be Hopped, the toll- 
clcrk has only to draw out the beam by means of a cord at- 
tached to it, until its end enters a rcceis in the oppofite wall, 
and then to lock the beam faH. 

We Hiall next defer be the Wnjlegates^ T'runks, T'urnklingm 
hays^ or Wars, that muH be provided, for letting off the iu- 
fluous water of a canal in w^t times, for k> eping the water 
to one certain height, or drawing it off in cafe any repairs 
n>ay be wanting. Wajle gates arc fluices of the common 
conftriiflion in the fide of a canal, where any confiderable 
quantity of water is required to be let out, and are to be 
drawn up, either by a rack and pinion, a chain and roller, 
or a number of holes for a crow-bar, as circumffances may 
render moft eligible : wdierc ItfftT quantities of water arc to 
be let out, or for emptying certain lengths of the canal be- 
tw’een the (lop- gates or planks, when occafion may require ; 
trunks formed of oak or ehn planks, well jointed, (hould be 
laid into the bank, at the bottom of the canal, and care- 
fully inclofed in puddle, with a valve or Hiuttle that will 
Hiut very tight, and can be readily drawn when the water 
is required to be let off ; we beg to recommend, wherever 
wooden trunks are ufed for any fuch purpofe, that they 
fliould be funk fo low, or the mouth where they difchar^c 
Hiould be made up, fo that the trunk may alw'ajs remain 
quite full of w'ater, and the air he at all times excluded ; in 
which fit nation wood will lail much longer than if wtl and 
dry alternately. 

In the choice of fituations for weirs, to difeharge the fur^ 
plus wtatcr of a canal, care muH be taken not to let off any 
confidt'rable quantity at any time, but into a brook-courig 
or bottom of a vale, that is eroded or proceeds up to the 
canal, and has ditches through which the water can efcape. 
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without tearing* or doing injury to the land adjoining. The 
mod frequent tumlling^bayt or witrs to difeharge water from 
canah are compofed of ilrong walla of brick or mafoiiry,' 
as yc, Plate IV, Canals, Jig » 27, whofc top q is coped with 
hewn and well jointed done, or with a dout fill of oak, the 
top of the fame being jud level with the top-water line 
^DH, or about one foot lower than the top-bank DC 1 K, 
A f is a paving of large dones for the water to fall on, and 
efcape at A, and ABr arc wing-walls at the ends of the 
weir, to keep up the bank and confine the water. Thcfc 
weirs are generally on the towing-path fide, on which a low 
plank bridge, as C /, is fuppoited over it, called a weir- 
bridge. When thefe wens arc wanted of confiderable 
length, the wall qc ought not to be draight but on a cir- 
cular plan, curving inwards in the middle, by which it will 
be better able to fuppoit the lateral prefTure of the hank 
behind it ; a puddle ditch fhould be can ied up immediately 
behind the wall, allowing the coiirfca of puddle to fet 
thoroughly, before others are applied, that the great pref- 
fure of the femifluid puddle may not overfet or didurb the 
wall ; and the paving AC fhould be of large and well jointed 
ftones, and if fet upon a courfe of puddle it would be a 
further fecurity againd their wafliing up, which too often 
happens. We have feldom feen any confiderable weirs or 
tumoling-bays of the above coadrudion, but where it would 
have been better to have followed the example of Mr. James 
Brindley, on BridgewateP& canal, and have made a circular*^ 
weir, or well-fall, on the upper fide of the canal; we have 
fpoken of thefe when treating of the general improvement 
of a valley, as alfo in the making of refervoirs, but it may 
be proper here to refer to a feaion of fuch a well-fall in 
Jg. 28, where A' P' is fuppofed to be the fedion of a vale 
crolfing the canal C F G I ; AM is an arch of brick-work, 
fecured on its upper fide at lead, with a covering of puddle, 
and M N it a well, whofc deining or lining of brick or done 
is groined into the arch at M, having a well paved floor, 
three or four feet below M, according to the height N M 
that the water is to fall,, and a coping of hewn done, or a 
large curb of found oak at* its top. I O P R P' is in- 
tended to reprefent the fedion of a fide pond or wider place 
in the canal, from which the water may drop quietly into 
the well at N from all tides, and run off at A. 

For ktting a proper quantity of the furplus water of a 
canal forwards into the ponds below, a fmall weir is gene- 
rally condruded in the walls at the head of each lock, 
which lets the water down into the paddle-holes, or crooked 
arches that convey the water for filling the locks, and hence 
fuch are called paddk^wirs or lock-weirs. The upper gates 
or doors of the locks are often boarded no higher than the 
top-water line, and thtrefore ad as weirs for difeharging 
furplus water into the lock ; and gates of this fort are called 
Jloid^gatesm 

On the ctnjlrudmi of Cuhetis, or drains under a canal for 
conveying away water from the upper to the lower fide of 
the canal, it remains for us to fay, that they (hould be care 
fully.apportioncd in fixe to the dream that is to pafs through 
them in floods, and fhould be condruded of found brick or 
done work, and inclofcd, or at lead well covered on their 
upper fide with puddle. Many engineers have ufed wooden 
trunks for this purpofe, but except wood be in great plenty, 
and of the bed quality, and good bricks or done ve^ dif- 
ficult to be procured, it is not advifablc to ufe perifhable 
snaterials in fueh fituations* If the ground be moorv or 
bad,' and a culvert mud lie pretty near to the bottom ot the 
canal, and have but a flight covering, it may be proper, in 
fomc fituatiocs, to ufe cad-iron cylinders flanched together, as 
was done under or near the Sta^ordfinre mtd Wora^er canal; 


and fuch may be made cheaper and eafier of carriaM; bV being 
in two or three fegments longitudinally, to be flanched to« 
gether before they are laid down ; and i.n fuch fitnations, 
perhaps leaden rivets might be cheaper and be more durable 
than wrought iron ones, or nuts and If bricks arc 

to be ufed in culverts, over foft and rnoory ground, or 
quick-fands, a cradle compofed of ribs nf wood and boards 
or rails, fuch as are ufed tor centering, ihould be prepared, 
fuitabie to the out. r curve of the intended culvert, and fuch 
a cradle (hould be carefully embedded, in the proper place 
to receive the biicks of the lower fegments of the culvert ; 
for want of fuch r.^rrcsu^ion many a culvert has funk partial- 
ly, perharps to .he fprings cxca\ating the land or 

filth from below, and h?.o been broken, to the great injury 
of the canal. CiiKous are of fo much importaiirc, that tou 
much care can hardly be taken to make them f«did and fc- 
ciire, and tu cover them efleAually with pinhlli*; another 
hint we would here give, refpcfling the choice of places for 
the culverts; they flumld never, if poflible to avoid it, be 
made exad^lv in an old brook-courfe, ditch, or flough, but 
in the neareft found ground ; and where often they can be gut 
down to the proper depth, without any trouble from water, 
or at lead the fame can be eafily pumped out ; and the 
ftream need not be admitted to the work, until the old 
brook or flough is required to be filled up. Id this way it 
often will happen, that culverts may remain dniiug the win* 
ter following their conllru£tion, completely cxcludid from 
the frod, and therefore may be done later in the year, by 
filling in the duff upon them and at their ends, and the 
mortar be completely fet before the new channel at the ends 
for conducing the water through them need to be cut. 
And we beg to remark, that by an attention to this cir- 
ciimdance in making new nrches under roads, and keeping the 
bottom of the arch much lower than is generally done, or 
indeed practicable in the old channel or fiough, half or two. 
thirds of the whole expence will generally be faved ; for a 
deep and new channel being cut to the new arch ; with 
fcouring out the brook-courfe for fome didance bcluw, old 
ford-places, if the defeent to them be cafy and convenient, 
will not require immediately to be filled up or altered ; but 
during any extraordinary flood, the fame, if compos'd of 
gravel and hard duff, may a£t the part of a weir fur a !hor t 
time, in carrying off the water, without injury to the road 
or material inconvenience to the paflengers. It will iuri'.e- 
times happen, that a fmall dream of water is required to ohu 
under the canal, in places where it is not embanked; in Uich 
cafes a crooked or hroken’hacketl culvert is to be n'ade^ as 
noon. Jig. 29, for paiUng the water from m to n under the 
canal C F G I ; this will require puddling as befoivr deferib* 
ed, and a drong box full of holes, or grating, fhould be 
fixed over each of its ends, as well as pits or holes be made 
at the upper end, deeper than the mouth of the culvert, to 
receive and detain the land and gravel which the it ream may 
bring down in hady rains, otherwife thefe, or the dones that 
mifenievous boys might throw into it, would in time choak 
it up between 0 and 0. 

The conJIruGion of Tunnels, or fubterraneous arches, for 
drawing off or conveying of water, has been known from the 
carlied periods, as appears by the celebrated works of this 
kind between lake Copais in Boaotia and the fea ; between 
the lakes formed by the inundations of the Nile in Egypt 
and the Mediterranean ; as alfo by the cour&a of the Roman 
aqueduAs, many of which were tunnelled through hills of 
great extent. In the mining didridi of thia country, we 
have long had levels or audita of confiderable extent to minea; 
in the neighbourhood of Matlock in Derby (hire, the HelcatT 
Sopgh has been cut through the folid rock for nearly four 
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BTiilcs in lengthi for the purpofe of draining the fcvcral lead 
iniijcs in the vicinity ; JVtrkfworth Moor Sought of near three 
miles long, and Cromford of two miles in length, with 

many others of lefs note, arc alfo to be found at great depths 
in that neighbourhood. The firft tunnel riir.t we read of, as 
condrudted for the purpofe of navigation, was by M. 
near Bezitres on the Languedoc canal, in France ; and the 
firll in this country, was the entrance made by yames Brind- 
ley to the duke of Bridgenvater'% co^hmincs at Worfley near 
Mancheder ; whde the Hrft of our tunnels undertaken tor the 
jnurpofea of general trade, or as a thoroughfare, was by the 
iame engineer at Harecaftle on the Trent and Merfey canal. 
It is very cfTential to the convenience an well us the beanty 
of a tunnel, that the arch thereof fhonld be quite ftraigbt, 
and exaftly level ; confideruble care wiil therefore be necef- 
fary in obtaining an exact fe^lion, by levelling, of the hill that 
is to be perforated, when a line in the exaft vertical plane of 
the tunnel is fixed and flaked out over the hill ; in doing 
which, it will be right to choofc the narrowcll place that 
the hill prefents at the propofed level, and where alfo the hill 
lifcs rather boldly from fucli level ; otherwife an cxpenfive 
and troublfjfome length of decp-ciitting would be neceffar)', 
or of the tunnel that mud be dug out from above and then 
covered up again, before a fufHcicnt depth of fluff overhead 
would be come at, to admit of working under ground ; it 
will alfo be of confequence, when determining the exadl line 
for a tunnel, to avoid having the deep-cutting and entrances 
in alluvial or diflurbcd and flippery foils, but, if poffible, to 
enter at once upon the folid and undillurbcd ftrata of w^hich 
the hill is compnfed. 

It will but very rarely happen, and that only on fhort tun- 
nels, made for the purpofe of preferving the level of a canal, 
that the workings will not be in foil more or lefs full of 
fprings of water; therefore one of the firil operations, after 
the line and level of a tunnel is finally determined on, is to 
fcarch by levelling for a place in the nearcfl vale or brook that 
is fome feet below the propofed level of the bottom of the 
tunnel ; this mud be more or lefs, according as the intended 
tunnel is of greater or lefs length ; and from this pointa large 
ditch mud be opened, with a very fmall rife towards fhc end 
of the tunnel, as far as is practicable, and then a fading or 
lough mud be begun, jud large enough for meii who arc 
ufed to fuch bufinefs to work in, and to line it fecorcljr with 
bricks as they proceed, but leaving proper openings in the 
joints for the fprings to collet freJy from all fidcs into th.cir 
heading. Some perfonshave fupported their headings with 
boards and props of wood, initcad of arching them $ but 
which practice wc cannot recommend : all fuch w’orks ought 
to be durably condruClcd, or Hiould any accident orcircum- 
llances, as the want of money, &c. delay the completion of 
the work for fome years, all tnis tedious and cxpenfive work 
will perhaps require doing again ; it ought alfo to be con- 
fidcred, that after fome years or ages baveelapfcd, the tunnel 
may want repairs or alterations, and that the fame headings 
may be again opened and uftd, to lay it dry in a fliori ttnie, 
if d.urably conftruAed ; which may be of the moft material 
confequence in kirening the period of interruption to the 
trade by fuch repairs or alterations. It will be ncccffary to be- 
gin a heading as above-mentioned on each fide of the hill, and 
woi k them up towards each end of the tunnel* along the line 
of which h is to proceed from each end, rifing gently as it ad- 
vances towards the middle point, that the water may run 
freely off ; the headings (hould be a few feet below the bot- 
tom of the working, that will be neceffary for the inverted 
arch of the tuunwl, and a few yards off on the fide of it ; and 
crols headings or foughs mult, at ftated diftanccs, be ran 
under the line of the tunnel, into which, openings can aftcrw 


wards be made to let off the water which collefts in each 
feparate working. If the foil be rather ftifF, and the quan- 
tity of water in it not very confidenibh, one heading may 
fumce; but where porous (luff, with great quantities of 
water are interfedlcd, it w’ill be neceffary to branch off an 
additional heading, to proceed along the other fide of the 
line, the more effe^ually to draw off the water; by which, 
erhaps, if the headings arc done a fufRcicnt length of time 
eforc the tunneling is begun, a quick- fand, or fimilar run- 
ning of the (luff, may in fcveial places be prevented. If in 
driving the headings, any fiffures or cavities iilkd with fand 
or looTe matters, are interfe6led, and arc found to bring a 
confiderable quantity of water from one fide of the line, it 
may be right to drive a crofs heading for fome dillancc into 
fuch porous (luff, for intercepting the water before it reaches 
the intended workings of the tunnel. 

The next operation will be to fet out a line very truly 
parallel to the line of the intended tunnel, and to mark 
thereon, at equal diftanccs, about 150 yards apart, ^roftcucr 
if great expedition in completing the tunnel is required, the 
place of the fcvcral tunnel pits, that are to be funk for drawing 
up the (luff excavated from the tunnel, and letting down the 
centres, bricks, and other things wanted in the work ; it will 
be well to contrive the line of the headings and tunnel-pits, 
fo that they may coincide ; and in great lengths of heading 
(Itafts or tunnel-pits may be funk at intetvals, to give air to 
the headings, and through which the duff excavated there- 
from may more readily be drawn up ; and it may be advif. 
able, in fome inllances, to fet out a line on each fide of the 
tunnel, for the tunnel-pits to be fome on one fide ajid fome 
on the other of the tunnel, and that both may in places in- 
terfed the headings. If bricks or (loncs arc not at hand vi hcn 
the tunnel-pits arc begun, and wood is plenty, the fliafts or 
tunnel-pits may be made fqiiare, and have their Tides fup- 
ported by boards and Units of wood ; otherwife they (hould 
be made round, and lined or fteined like a well as foon as 
they arc done ; if the foil (hould prove loofe and full of 
water, it will be neceffary to ftcin the (liaft as foon as fuch 
foil is reached, and to work afterwards from underneath the 
curb, and let the (leining fink, as is done in well finking. 
Some tunnel pits have been made over the line of the tunnel, 
but fuch do not admit of being fteined with iafety, on ac- 
count of the weight thereof, which would damage the crown 
of the tunnel, where they were groined into each other ; 
and fuch of them as arc left afterwards for air (hafts, if the 
foil is wet, will let an unplcafant dripping of w^ater down 
upon the goods or paffengers in paffiiig through the tunnel, 
as wc once experienced in paiTing through Braunfton tunnel 
on the Grand Jundion canal. A common roll and winch 
will be fijfficicnt for drawing up the Huff and water, and let- 
ting down bricks to ftein with, unicfs the Quantity of water 
is confiderable ; but it will be proper to erea a horfc gin, or 
turn beam, fuch as are ufed at the (hafts of coal-pits, for the 
cheaper and more expeditious drawing up the lluft and letting 
down of materials, when the workings have commenced. 
Wc have before recommended a line to be ftaked out exadlly 
parallel to the line of the tunnel for the centres of the i'everal 
tunnel-pits, and care fiiould be taken that no gin, or other 
ob(lini6lion, be ereded in this line, fo that a fine line or 
firing can at any time be (Iretched acrofs the top of any of 
the tunnel-pits, and be adjufted without fear of miftake in the 
exa£l range of this line, or parallel to the intended tunnel. 
When a tunnel-pit is completed and fteined, and a communi- 
cation finned with the heading to keep the fame clear of 
water ; two points mud be fixed in the fttintng near its bot- 
tom, by letting fall or fufpendin^ plumb-lines, at the time 
that there is no wind to difturb their verticality, and adjufting 
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unother fine line between the two points on tbe ftcining be- 
low, fo as to be exadlly under and parallel to the line above 
and confequentiy i*o to the intended tunnel. The engineer 
fhould carefully repeat his le\cl$a.jd transfer the level of the 
bottom of the intended tunnel, or the furfacc of the wuter of 
the canal therein, and mark the fame carefully in the fteining 
of each tunnelpit ; and thus the workmen who are to under^ 
take the work will be furnifhed with thediredion, level, and 
dilUnce of the tunntl they arc to form under ground. 

The work commences, by excavating a paffage from the 
tunnel-pit into the line of the intended tunnel, and fupporting 
the fame properly with timber, or walls and an arch, as a 
padage into the work. A piece of the intended tunnel, a 
yard or more in length, according as the foil is found to 
(land, is then excavated, in the proper foim, place, and level, 
afeertained from time to time by llreiehing a fine line be- 
tw^een the marks, on ihcUeining beforc-rientioned, and mca- 
furing therefrom, and ufing a common plummet level for 
transferring the level from the level-inaik on the ilcining be- 
fore-mentioned ; great numbers of ribs for centerings ftiould 
be prepared in different fcgiiunts, and in rcadinefs to put 
together with nuts and ferews, leaving as much room in the 
middle or centre as can conveniently be done, for the men to 
work and oafs through after tlic hime arc put up ; the parts 
of tw^o of thefe ribs are then to be let down the tunnel-pit, and 
to be put together and fixed up in their proper place and 
diilance afunder in the tunnel ; fliort lengths of boards or laths 
are to be prepared and fixed on their outfidcs, as the turning 
of the arch proceeds; which, as well as every other part of 
this very difficult work, requires the ulmoft care and expe- 
rience to make it found and fubflainial; when this firft yard 
or Icfs in length of the tunnel is turned and fecurcly keyed up, 
the fame is lecurcd by ramming in clay, or proper ftutf, fo as 
to fill every cavity above or withoutfide the brick-work. 
The workmen then begin at each end of the piece that is 
turned, one party working one way along the line of the 
tunnel, and another the contrary way, untu another yard or 
other length of the tunnel is excavated, when other ribs are 
put up and fixed together, boarded, and the brick-work is 
turned round or behind, the fame as before ; the utmofi care 
being taken to joint thefe courfes evenly and fccurely into the 
former ones : the vacant fpacc is then rammed up with cartli, 
and a new excavation proceeded with at each end as before. 
The engineer ought frequently to renew his level-marks from 
fixed and good bench-marks on the ground, and to examine 
and adjuft the ranging Ihie, and alfo himfelf moft carefully 
infpcA each working of the tunnel, and examine, by ftretch- 
ing a fine line along its centre, and meafuring and levelling 
to his ranging line in the tunnel-pit, to fee that every part 
of the work is proceeding exa^^fy in the fame line, and fo 
that when in procefi of time each adjacent working (hall be 
joined, and the tunnel be completed, the whole may form 
one exad and truly ftraight arch. If the ground proves 
loofe and bad for (landing, it will be proper to continue the 
work, by different fets of men, without any intermiffion ; 
and care (hould be taken that the work never is left, even for 
a night, without templets, or (hort pieces of plank, being 
put up to cover the roof, that is necefiarily left open to admit 
the men’s heads and arms, while they are turning and back- 
ing up their la(t length of work at the crown ; and thefe 
templets (hould be fecurely (hored up by fpars or ftruts, to 
prevent the earth from fettling or falling in, which has 
a6lually happened in feme tunnels, owing to the neglcdi of 
this fimple and neceflaiy operation, fo that a confiderablc 
length of the tunnel required to be dug out from the furface 
of the ground to repair the breach. When the tunnel and 
ends arc complcteOf ditches arc to be dug out, acrofa the 
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headings, near the entrances of the tunnel, and a fubftantial 
puddle-ditch carried up, to effe^lually dam them up, and 
force the water that afterwards colledls in them to rife up 
into the tunnel, through ciofs-hcadings to be left for that 
purpofe. 

The tunnel at Blifworth, on the Grand JunBton canal 
being the lated that has been completed (Feb. iBo/;.) we have 
afeertained the following paiticulars relating to it, in order 
to give fomc idea of the prefent (late and cxpences of tunntl 
making. The internal w'idth of this tunnel is J 61 feet, the 
depth below the water-line to the inverted arch 7 feet, and 
the fofit or crown of the arch is 1 1 feet above the fame line. 
The fide-walls are the fegments of a circle of 20 feet radius, 
the top .nreh of one of S feet radius. The fide and top walls 
are 1 7 inciies, or two bricks thick, and the bottom or inverted 
aich 19 inches, or i4 brick thick; every fifth courfc of the 
top arch, and every eleventh of the fide walls, iscompofed of 
two heading biicks, or wedge-like, one inch thick on the 
iufide and three at the back ; alfo, every fifth and eleventh 
couife as above (but bet ween tlic courfes of heading bricks) 
ate compofed of bricks laid obliquely acrofs the otners, the 
front and hack corners being cut off for that purpofe in the 
making, for more tlTe^ually breaking the joints, of work 
obliged to be done in fuch (norl lengths. The mortar that 
was uled, was coiripofed of one hu(hel of Soittham lime (Wi/e 
///m) and tlircc of good fand. Six inches under the water 
line, on each fide of the tunnel, (lide-rails of fir, 5 inches 
fquare, to keep the barges off the walls, arc fixed by pieces 
of oak let into the wall below them ; which rails projcA 9 
inches from the wall, and have at cvciy 9 feet, a chock of 
wood upon the rail, for the bargemen to(et their poleagainfi 
for flioving their barges along. And we were told that this 
tunnel was contradled for, at 15I. 133. per yard run ; the 
foil principally a hard blue clay, wdth two or three thin rocks 
in it. Sufficient headings had been executed fcveral years 
before at the company’s expcnce. The fame contradors 
were paid io£ d. per cubic yard for excavating the deep cut- 
ting at one end of this tunnel, and i id. per cubic yard for 
the other. The cxpencc of driving the above headings were, 
we uiiderfiood, from 368. to 42 s. 6d. per yard run. Kine^ 
teen tunnel- pits, fome of them 60 feet deep, were funk for the 
life of the above tunnel, w'hich coll about 308.per yard in depth 
including (leining. In our inquiries refpeding Braunfton tun- 
nel, on the fame canal, w'c were toW, that 320 yards of the 
fame was drove in quick-fands, and that it coll 4800!. extra 
on that account. The Foulridgc tunnel on the Leeds and 
I fiverpool canal, of 1 630 yards long, proved to be in fuch very 
loofe and had ground, that the whole of it, but about 700 
yards, was obliged to be dug out from above ; in fomc parts 30 
yards wide at top, and near 20 deep, and immenfe works of 
timber were nccelTary to fupport and keep the banks apart, 
while the tunnel w'as turned, and the foil filled in again. 
Some part of this w'Oi*k, done about the year 1794^ coft 24I. 
or more per yard run. 

After a good length of the tunnel has been completed and 
well backed up, and been allowed fomc days or weeks for the 
earth to have iettled regularly upon the brick -work, the cen- 
tering may be removed, by loofening the ferewsand taking it 
to pieces, to be again put tip and uTed further on in the fame 
working, lii tunnels upon high levels in porous foils, and 
in others fomettmes near their ends, or in croffing any dry 
and porous ftratum, it may be neceilary to excavate the 
bottom a foot or iS inches deeper than ulual, and to fill the 
fame up again with well wrought and ftiffilh puddle, and to 
turn the inverted arch, and as much of the fidcs as are below 
the watcr-lcvd, upon the fame, when fet. Mr. Willkm 
Cietpman, page 52 to 54 of hi| Oh/ervatitms, ^c. before 
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quoted^ han given ievcral dire^lious for fettinpf out tunnels, 
where coal.ftrata arc intended to be interfeAcd and worked 
thereby, as at Worfley on and Harecaftk on 

the Trent and JMerfey canals. It will be a matter of fome 
importance, for the engineer to attend b' the removing of the 
top foil from a fnfficlcnt fpace near each tunneUpit, and to 
caufe the fame to be evenly covered, or the holt s therein filled 
up, with the ftuff that is drawn up atid wheeled away 
from the tunnehpita ; and as fall as the ihft’nrnt parts of tlie 
tunnel are completed, refervinp finff eiio'.;^h to fill up fi.rh 
tunncl-pitb as arc not to remain for alr-fliafts, to caiifc the 
top-foil to be returned upon uich places, to avoid a heavy 
expence for fpoil baulcn, btfidcs putting ihc farmers and 
neighbourhood out of temper by leeing the appaitnt wallc 
and devafiatioh that fjch v.’orks make, when carelefaly or 
negligently performed. 'I'lw want of a towing puih through 
a tunnel mull be very app ireiu, to all furh aa have fccii the 
tedious and barbarous proctui in ufe, of n n\nn lying rt 
length upon the gunnel of the bsrirc, p*i.vi‘ig the walls 
with his fett; in narrow boats this is li il n'(^rc e.ident, 
where a plank is obliged to be k’d a %rofiJ the barge for tite 
men to lie down upon tlicir backr., m order to iic able t<> 
reach and paw the w»alls with tlRlr feet ! The tunnel near 
Atcham on the canal, tlioiigh of 9';o yards in 

length, has a towing-path through it ; fo has one at Ncwbrild 
on the Oxford canal, and many other fliort out s in diflerent 
placc». In all fhort tunnels, and even in long ones, if the 
ground proves, on examination, found and good for tunnelling, 
it certainly would be worth while to give the ncccITary width 
to the arch, to admit of this cfTcntial appendage. 

Among the moft confiJerablc liinnels that wc have, are 
thofe at Worfley on Bridj^cwaier'^ rd\)<\\, i8 miles in length ! 
Marfden on the Huddersjidd, yards ; Sapperton on the 
Thames and Severn^ 4JOO yards ; Peufax on the Leomtnjhr 
and Kington, 3850 yards ; Laplat on the Dudley^ 5776 
yards; lllifworth on the Grand yunHiutit 3080 yards; Rip- 
ley on the Crornford, 30CO yards ; Dudley on the Duduy, 
2926 yards ; Harccafllc on the Trent and Merfey, 2888 
yards; Norwood on the Chcjlcrfold, 28 (jo yards | Welt- 
rlenth on the Worcejler and Birmingham , 2700 yarda ; Mor- 
welham on the Tavtjhch, XiOO yards; OxtMihall on the 
Hereford and GlouiejUr, 2192 yards; Braunllon on the 
Grand JunBion, 2045 yards, &c. 

The longcft tunnels that have been propofed, befldcs the 
above, were one of 5 miles on the once propofed extcutiou of 
the Manchejhr Bolton and Bury to the Caldci* river; and otie 
of 4J miles on the Portfmoulh and Croydon, through the 
chalk hills foutb of the latter place. The towns of Man- 
chefter, Kiddcrniinfler, and Southampton appear to be tun- 
nelled underby the BridgcfivoleP s, StaJforJ and JVorccJler, and 
Southampton and Salijbury canals rcCpedively. 

The executing of deep- cuttings appears to have been long fa- 
miliar to the Oiinefc, fince wc lead of fome of their canals 
that are in places excavated 80 feet deep ! and of others 
tliat are cut 20 feet deep for feven or c’ght miles in length ! 
The fetting out and determining upon the flopcs of a dc^- 
cutting of confiderabic depth and length, are obji els deferving 
more of the engineer's attention, than has in too many inllanccs 
been bellov/ed upon them : the firil ftep, after the line and 
the level of the intended canal arc determined upon, Ihould 
be to examine minutely the foil in every part that is to 
be cut in, and to prove the fame by the fiukiiig of fe- 
veral fliafts ; if any of thefe, towards the centre ofthe bill, 
(hould be found in loofc and porous foil full of water, while 
the endf of the intended cutting nwy appear to be in found 
ftuffj it wiU be worth while, in lomc fuch cafes, to put 
down pumps and erc& a temporary ftcam engine, to pump 
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up the water during the work, and to drive lica dings from 
fuch pump-fliaft, on one or both fides of the intended cut- 
ting, and below its bottom, as has been before mentioned, 
preparatory to driving a tunnel. Should the whole of the 
cutting appear to be in loofc alluvial fluff, full of w^ater, and 
difpofed to fl’p, or a pa«t only of the ground at one end, as 
happened at the foiuh end of the deep-cutting near I'ring, 
on the Grand JunJinn canal, it certainly will be right to 
be^in fuch part, by diiving a heading up from a ptopei 
point below the inleml^il cutting, and to give time for the 
fpringo to drain oil ilw cutiing is begun, which may 

afterwards pjocecd in fepurate lengths at the fame time, 
and with nnieh greati r rcviuintY and difpatch, by the help 
of ciols lu.adn.gs, to diviij off the vvijter, than ib practicable 
without fuch preeanlii'ii, unleis expenfive and very powerful 
pumps or rnacliin-jR :uc* nf d in tl:i* works to char them of 
water in clilferent plai i’s \ while the tt*ndcnt y to flip i.s much 
joncJiii-d by filth imlden and }>arii.d divuving oft* i he water. 

Arc amoii'T the molt I '.’’jiudahie aeculeiits to which ca- 
nal works are liable, and van hardily be too much guarded 
agahill, by givi ig an rxlM (lope to banks in fuch places, 
but p irticulaily by driving hendingb hchind iueh partf, fome 
time before the winkings are begun, in order that the fpriiiga 
may be intcieeptfd, by which the niofl porous and loofc 
lluir like quick lands nv.iy. in many inllaucts, be converted 
to found and good Handing fluff. Afttr all, where the 
J/raia alternate very fall, and have a confiderabic dip, and 
any flippery m ittcr like Tillers earth or potters clay inter- 
venc, adjoining to a porous foil that can fupjdy it with 
moifluve, it is ahnoll iriipoftlbie to avoid fli]).s, that w'ill prove 
moft difaflroua in their confiqwt'nccs, both in cxpencc and 
delay of the woiks ; as Inppcned in the Tring deep-cutting 
above mentioned, on the Gloucrjlcr and Berkley canal, and 
many others which we liave heaid of. 

When the engineer has, by a thorough invefligation, as 
above recommended, arcciuincd the natuie of his ground, 
and its tcudi ncy to flip, he can dttermine what Hope the 
upper banks A B diid K [Plate I. Canals, Jig. 6.) ought 
to have in evi ry part ; for tlicfe ought not to be regulated 
by the flopcs C FanJ I G, againfl w hich the water is to lie, 
and the weaves of the canal to a(fi, but be as itcep as the 
ground or rock will ft and, in every confidcrablr length to- 
gether ; and Inc degree ol the upper flopes will be liable to 
vary accoidingly ; il thtfc are loo much floped, a w'afle of 
land and of luhonr in excavating and making fpuil-banks will 
be occafioned, while if they aic lOAde loo lleep in flippery 
or loofc wet ground, flips may happen that will occafion 
Rill more fc.iotiS expenecs, niid delay alfo. All thefe prelimi- 
naries hemg Ruled, and the width iu tvtry part calculattd, a 
number of llopt-holes mult he dug at A and P, and a lock- 
fj)it dug out lojoiii thini, by a careful workman, as men- 
tioned before on the marking out of the canal ; and the 
top-foil being rtuu-vtd uiul clamped, from a fuflicient fpace 
for flowing the fluff, the work will then be ready for the 
contractors to begin digging. This will be our proper place 
to notice fevernl machines, and contrivances for afilflmg the 
operation of excavating of canals, docks, or other deep- 
cuttings. The moft iimpic and ufual mcthml for fmall 
depths is by runs of wdiceling-planks, fupported in an ob- 
lique dire^lion up the fide of the hank upon horling- blocks 
of different heights, on which the labourers wheel out the 
ftuff. In larger works, turn-beams or horfe-gim arc ereded 
on the bank, and a level-flagc or fcaffolding is ere£tcd over 
part of the deep-cutting ; two ropes wind and unwind con- 
trary wavs off the drum or barrel of the gin, and pdfs over 
puUeys fixed over the end of the flage ; thefe ropes termi- 
nate in three fmallcr one% two of which liavc at their enda 
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rjnf(«, and the other a hook, of iron. Wlun a loa Jed har- 
row arrives on the run below the llapfe, a labourer Hands 
rca<ly to flip one of the rings on to cacli of tin* han4lle8 of the 
barrow, and to hook the other end into the fellies of the 
wheel ; when the revolution of the gin draws up the loaded 
ha? row to the ftage above, which a labourer lands, un- 
hooks the three ropes, and affixes them in like manner to an 
empty barrow that is to be let down, while a full one is af- 
cending as before, by the other rope. The loaded barrows 
are wheeled away upon the ftage, and run therefrom to any 
place above that is defired. At the London Docks ^ we faw 
a very fimplt* method ufed ; two ftrong polls were fet faft 
into the top of the bank of the dock, at 40 or <;o yards from 
each other ; and at about five or fix feet high on each, a 
large common pulley or fhip’s block was faltencd, by a 
fhort length of rope ; through thefe blocks a ftrong rope 
was run, whofc ends tern^inated in two fmaller ones, with rings 
at their ends, as before mentioned : the length of this rope 
w^as fo adapted, that one end readied to the bottom of a vtvy 
fteep run or plane of planks that were laid and fixed on the 
bank, pointing up to the poll at top ; while the oth:T end 
was nearly at the top of another fimilar plane' at the other 
poll. At a proper place between the two pullics, the 
whipplc-trec of a horfe’s harnefs was attached or lalhcd on 
to the I ope. The operation was conduded, by a man arriv- 
ing at the bottom of the plane with his loaded barrow, the 
wheel Handing at the foot of the plane, the end of the rope 
being at the bottom of the plane, and the horfc ftanding 
Hill near the pod at its top ; the labourer then flipped the 
two rings on to the handles of his barrow, and the horfe 
being fet in motion towards the other poll, the barrow was 
drawn up the plane, and the man alfo with it, who made 
ufe of his feet, fuftaining himfelf from falling backwards by 
holding faft by the barrow handles, which he at the fame 
time was enabled to guide $ when arrived at the top, and 
entered upon a plane there of lefs inclination, the horfe had 
arrived almoft at the oilier poll ; and while he was Hopped, 
and was turned round ready to return again, by the boy 
who attended him, the labourer flipped the rings off his 
barrow handles, and wheeled the fame away upon the upper 
run ; another labourer inftantly flipped thefe rings on to the 
handles of his empty returning barrow, and the return of 
the horfe let him and his barrow down the plane again, the 
handles going firft, and the man holding them as before, 
but with his back to the barrow ; while the other ends of 
the rope were drawing another labourer and his loaded bar- 
row up the other plane as before. The fimplicity, difpatch, 
and perfed operation of this contrivance, do great credit 
to its inventor. In very confiderable works, it will be at- 
tended with the greateft difpatch, as well as ultimate faving 
of expence* to uTe trams and temporary iron rail- ways ; and 
if the height and quantity of Huff to be delivered at any 
one place be very confiderable, inclined planes, with Hearn* 
engines of fmall dimenfions, (fuch as are now every day ma- 
fiufadured and improved) flioiild alfo be creded, to draw up 
the tram^, as at the London Docks above mentioned. It is 
evident, that the fimple and ilraight courfe for the horfe, 
attache^ to the middle of t rope as above, may often be 
(iibftituted for the expenfive turn-beams above mentioned, 
particularly where difpatch in fetting the apparatus to work 
II an objed. 

Mr. Ralph Dodd appears to have contrived a machine to 
be worked by men, by the means of levers, for excavating 
canals, which was tried in the year i/94» in the deep cut- 
ting at Dawley near Hayes on the Grand JunQton canal. 
Mr. Carni^ tnachine for the fame purpofe, but worked by 
St horfe at length, 'appears to have been ufed iw in the 


deep-cutting near Cofton Hncket, on the kTorce/lir and 
Birmingham canal. In the Monthly Magavune^ vol. ii. p^ 
<594, we have the following- account of the operation of 
E. Hnjhcfwl^s patent excavator s, •• This machine takes the 
foil from the bottom of the canaF, at 40 feet deep, with 
equal facility as at fix feet from the furfacc ! One of them 
is at work upon the Ghuctfier and Beriely canal. By the 
aflillanc- of two men only, it removes 1400 loaded barrows 
from the bottom of the canal, to the diftafice of 40 feet, in 
12 hours; and is fo contrived, as to take up the load^ 
barrows, leave them at top, bring down the empty ones in 
regular rotation, and leave them at the bottom. It can be 
moved along the canal to the diftance of *6 yards in 10 
minutes, by the two men that work it.** 

In Odober 1793, Sparrow took out a patent 

for a machine, confiftmg of a box, with its bottom opening 
on hinges, fufpended by a fort of univerfal gib or crane, the 
whole moving upon wheels ; which he ftrongly recommends 
for elevating and difeharging the foil dug out of the canal. 
See Repertory^ vol. v. p. 77. 

Among the moll confiderable deep-cuttings, are thofe at 
A Alton on the Lancc^er^ Tring on the Grand Jundion^ 
Cofton Racket on Worceder and Birmingham^ Burbage on 
the Kennet and Avon^ Little-borough on the RoAdalct 
Smethwick on the old Birmingham^ &c. 

The conJlruBton of Locks is fo important a part of canal- 
making, and they are fo very eflential to the fyftcm itfelf, 
that we (hall pve fome brief particulars of their hiilory. 
Mr. William Chapman^ m his Obfervations on the various 
Syftems of Canal Navigation,** has devoted his 7th chapter 
to an account of the internal navigations of China, compiled 
from fir George Staunton’s and other authentic accounts. 
He obferves, that our pound-locks are unknown in China, 
(although explained to them by the French miffionaries in 
1685) ; and it appears from his account, page 76, that their 
grand or principal canal is, in fad, only a river or ilream 
Ravigation, although greatly diverted by arc from its ancient 
courfe in fome parts ; the current of the wat«;r being flow, 
and prevented from running off too rapidly bv its defeent 
being occafionally checked by flood-gates, confiHing of two 
abutments of Hone, one projeding from each bank, and 
leaving a fpace in the middle juft wide enough to admit a 
paftkge for the largeft veffels employed upon the canal ; and 
to prevent unneceffary wafte of water through the flood- 
gates, the paffages arc occafionally clofcd by planks let 
down tranfverfely and feparately one above another, their 
ends refting in a vertical groove in each abutment ; and he 
obferves, at page 89, that it was probably between the 
years of the Chriftian scia 60 j and 618, that thefe were in- 
troduced. At page 87, he fays: ♦* The Chinefe method 
of overcoming afeepts appears to be long fubfequent to the 
attempts of the Egyptians, under the fucceffors of Alex- 
ander, who, according to Monf. Huet, bifliop of Avranches, 
had the art of conftruding fluices, or locks of one fet of 
gates, fo as to flop the impetuofity of the current, and be 
occafionally opened. Though termed gates, the openings 
were mod probably clofcd with beams of timber, let down 
in grooves ; as gates of large width and depth could not be 
opened without difficulty, even againfl a fmall difierence of 
level. There are, however, fuch fluiccs with gates upon 
feveral of the running canals on the verge of the Shannon. 
They were created about the middle of this century, (1750) 
and are of difficult ufe, becaufe of the force requifitc to 
open them. Thefe running canals are on the Chinefe 
principle, and nothing more nian new channels for a portion 
of the river ; which, when it it low, are Hopped as in China* 
to retain a head of water fufficietit to pafs the boat.*^ And 
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Mr. Ritleri Fidion^ in his Treatifc btforc quoted, page 7, 
fays : Machines limilar to thofe of the Chinefe have been 

ere£ied in Flanders, on river navigations, when internipted 
by falls, or (hoal water ; while another mode adopted has 
been, to ere£l a dam or wear acrofs the river below the fall, 
in which were placed two llrong buitreires of ftone, with 
perpendicular grooves ; after palling the boat above the biit- 
treis, a ilronggate was let down the grooves, which Itopped 
the water till it ran to a fufHcicnt hc'^ht to enable the boats 
to pafs." This laft defeription of NIr. Fulton, and which 
w'c have alfo feen in fevcral oilier pl.\ces, fecnis to come 
nearer to the invention of lucks than the others above, which 
13 the reafon that wc have inuricd it, bdfore liuiniii.-^ ibis 
fubjedt from Mr, Chapman^ who continues at pUi'c 80, and 
fays : ‘‘ Thcfe liiigle pairs of piers of the Chine ft, are pro- 
perly called by De la Lande, half-locks. 'Flic cafual po- 
iition of two pair of piers near to each other, has, 110 doubt, 
occafioned the invention of locks *, as it would foon be 
feen, when the gates or Hop-beams of the lower p‘ ts were 
clofed, and of fufficient height, that the water would be 
nearly Hill between the upper pair of piers, and afford an 
c^fy paffage. On this principle, in plMce of fingle j.airs of 
piers, two pair would be ercdlcd, fufiic’ently near to each 
other for the purpofe, and capacious enough to hold a fleet 
of boats. It would foon afterwards be found, that in dry 
feafons the waftc of water was greater thru could be con- 
veniently afforded, and the operation tedious for Tingle boats; 
thus would progreflivcly arife the invention of locks with 
wailed chambers, and fluices through their gates or walls. 
There arc at this day cxifting on rivers locks of the firft con- 
ilruflion, compofed (imply of two pair of piers, without 
any connexion of walls or pavement between them.” The 
Kenntt and the Lea have unwalled locks. Here wc 
may add, that Mr. ^Thomas ^Telfordt when proje6^ing 
the Invernefs and Fort^IVUliam canal, on account of the 
great plenty of water and magnitude of the vei&k that arc 
to pafs, propofed not to wall the locks the whole fength, 
but to have earthen banks between the two pair of piers of 
mafonry, that fupport the upper and lower giW of the 
locks. Mr. Chapman has fuggefted the paving of the con- 
cave bottom and floping fidei of locks, in fitua- 

lions. ^ 

It appears from M. De la Landd^ Trade des Cemaux de 
JSTuviWon, that the firft lock was fuppofed to be created in 
the year 1488, upon the Brenta near Padua; and tlilt Ihorily 
after, the tw»o canals of Milan, between which there was near- 
ly a fall of 34 feet, were joined by means of fix locks limilar 
in principle to thofe at prefent in ufc. *1 he firft lock that 
Brindley creaed, appears to have been at Compton on the 
Stafford and IVorcepr canal ; but they were not at that time 
uncommon in England on fevcral of the rivers, and on the 
Saniey canal. ' 

A Loci or Poutid-Loci is the conncfting part between the 
two pounds or reaches of a canal, that ai^ upon diucrent 


levels, and this part, called the chamber of the lock, can at 
pleafnre be made to coincide, in the level of its vi-atcr, with 
cither the upper or lower canal. Thi«» is managed by incans 
of two pair of doors or gates, one at each end of the cham- 
ber of the lock I in which gates, or through the fide walls 
of the chamber, arc provided fmall flutets or paddks, by 
which w«ter can be let from the higher ?«««'» 
cbimber to the upper leTeJ, the loiver gatt. being tlofe 
fliut i or to empty the fame to the level of the lower canal, 
the upper gate* being clofe Ihut ; by which 

pofing the ^«tpr,(thw tern, is o wn ufed, but i >» not 
to be Btctally onderfto^, fincethe lock, when fa"! to be 


empty, has tlie fame depth of water in its bottom as the 
lower canal has), and a vcffcl or boat arrived on the lower 
canal, there will be no difficulty in opening the low'cr gates, 
and entering the lock, bccaufc the water is level and at reft ; 
when entered the lock, the gates arc fliut after it, and wai- 
ter is drawn from the upper canal by the paddles or doughs, 
and in a few minutes the lock becomes full, the boat having 
rifen with the water ; when this is the cafe, the upper gates 
can be opened without difficulty, the preflurc of the W'attr 
bchig equal ou both fldcs of them, and the boat can now 
move forwards on tlie upper canal. In this Hate of the 
lock, we have only to fiippofc another boat to enter from 
above, and (hut the upper gates after it ; when the upper 
paddks clofe fliut down, and the lower ones opened, 
the water will fiiik in the chamber, and the boat with it, 
until the lower gates can be opened, owing to the level of 
the water, aud the boat can proceed forwards on the 
lov/er canal. The two operations which wc have de- 
feribed are called locking vp and locking down, 

la P/die V. Can:i!s,Jigs. 36, 37 > 38, and 39, wc have 
given a plan and fedions of a lock. Wc have before ob- 
ferved, that the fall at each lock ought to be equal ; and 
the locks ought to be all of one width and length, unhfi* 
water be in great plenty, and any local trade of a particular 
kind may require them to be otherwife ; bccaufc then, a 
barge in defeending through a line of locks will require the 
fame quantity of water at each lock, which wc may fuppofc 
to defeend with the barge, and there will be no water to 
difeharge ufelcfsly by the weirp,or required from feeders, by 
fuch a barge during its defeent, as muft happen in defeend* 
ing through a ferii s of unequal locks. The upper gales of 
a hick {See the feaion,/?. 37.) ftaud on a weir, or wall, 
as/^j. 36 and 37, acrofs the canal, called tlie breaft of the 
lock, and the place of this is to be fixed by the engineer 
before the workmen can begin to dig out the ground for the 
lock ; which being done, an inverted arch, with a flight 
curvature, is turned very found with bricks or good hewn 
ftoncB, as a floor to the chamber of the lock, which, if the 
foil is porous, fliould have a lining of puddle under it, and 
ftiould be worked into the fide and brcalt walls : the foun- 
dation of thefc walls ought very carefully to be attwded to, 
and if the ground is not very found and good, piles muft 
be drove, and the foundations of them fccurcd in the moft 
fubftantial manner. Inllead of turning an inverted arch 
under, and for forne diftance within and without the lower 
gales, two rows, or more, if the foil is very porous or foft, 
of pile-planking, or dovc-iail pikes, arc to be drove acrofs 
the bottom of the lock (as (hewn in the ftaions by / /, 
itrs. 37 and S 9 -)i the length that thefe arc to enter into the 
ground will, in a great mcafurc, depend on the foftnefsand 
porufity of the bottom. PUe^planks, or dove-tail piles, arc 
flout pieces of narrow elm or oak planks, rcprcfenlcd in 
Plate IV. Canals, fg, 30, each having a groove down its 
fide to rccJvc a tain flip of deal or other llraight grained 
wood, to break the joint, and prevent the water from get* 
ting through ; the pile A is fuppofed to be the centre one, 
01 that vvhich is firft drove, and is fliarpcncd at bottom by 
a bevel on each fide for that pi»]P«fci and (hod with iron, if 
that precaution fhall appear neceffary ; the other pile-planks 
B, C, D, &c. that arc drove in fucceflion, are (harpened to 
a double wedge, but inttead of the acute angle being fquarc 
to the pile, it is bevelled to about 45'', by which the pile 
B will be, forced clofe to the pile A as it is drove, and the 
pile C to B, &c. ; by which, and the flips or tongues after- 
wards put down the grooves, an impenetrable barrier is 
foimed U) prevent the water from foaking and foftening the 
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foundatfon, and at length undermining and blowing up the 
lock-gatesi. and walls. The heads of the pile^planks (liould 
be fawed off very fmooih and true after they arc drovci and 
a crofs bearer or deeper is to be nicely fitted to them, and 
firmly fpiked down : other intermediate atid parallel fleepers 
arc to be fixed down upon the heads of bearing-piles drove for 
that purpofc, and the whole is to be covered, after the inter- 
mediate fpaces are clofely filled up witlrbricks and cement, by 
very found and nicely jointed planks, that arc called the 
(heettn^ of the lower gates, as (hewn in the plan,^. 36, 
and iedion, 37, ' Upon this dieeting the lock-fill is to 
be fitted and itrongly fixed down ; if the canal is wide, or 
the fall of the lock confiderable, this ought to be comp<7red 
of two pieces of oak timber, each abutting again il the hoi. 
low quoins at one end, and meeting at the other in an angle 
towards the head of the lock, as in the plan, whence fuch 
arc often called mitre-lills. A fimilar precaution is to be 
ufed on the breaft of the lock, by driving a row or more of 
good long pilc'planks, with crofs pieces or (lecpers, and 
iheeting for the upper gates, on which the lock dills are to 
be laid ; as alfo a itout piece of wood, cut to the curve of 
the brcafl-wall of the lock, to which it is to zA as a coping, 
to prevent the keels or ihms of the barges from damaging 
the fame. It is iifnal to fet out the foundations of the lock- 
wall lli-aight and parallel to each other, (excepting the wing- 
W'alls or return -walls at the end to keep up the earth, and 
conncA with the doping banks, in the upper and lower ca- 
nals) and when thefc walls arc arrived at the height of the 
floor of the chamber, and iheet'ng of the lower gates, then 
to begin to batter them back to give them greater ftrengtb. 
On the Deriy canal we found the locks 90 feet long between 
the gates; the* bottom line of the foundations ilraight, 
and exaAly 14^ feet apart ; as the walls rife they are gradu- 
ally battered between the gates to 15 feet apart ; and in the 
middle between the gates to 1 si feet, fo that the coping of 
the walls of the chamber of the lock are curved three inches 
towards the back ; and all the belt modem locks are con- 
ftru&ed on fimiUr principles. Hollow quoins, which are 
large hewn fiones, having a regular curved ipace cut out of 
one of their angles, are worked into the walls for the gates 
to work in, inltead of hinges, as (hewn in the plan, 36 : 
if good durable free-ftone is difficult to be procured, the 
hoUow quoins may be compofed of very large bricks made 
in proper moulds for the purpofc ; and in large works, a 
large piece of call iron of the proper (hape to work into the 
wall, is fometimes ufed infiead of quoin-llones or bricks, as 
at the London Docks. The tops of all the walls, locks, 
bridges, or other eredions of a canal, ought to be coped 
with hewn and well jointed ftones, and cramped together ; 
or with large and well burnt bricks of the proper (hape, 
having their angles munded off, and fet in good cement. 
Proper buttreffes of clofe mafonry (hould be made to the 
warn of the lock behind, to give them greater (Irength, and to 
tye them more effedually into the bank, and to orcak the 
regularity behind, fo that if water (hould Irak through the 
wiuls in any particular part, when the locks ate filled, or 
allowed to hand full longer than is proper, fuch water may 
not conned): together in a large extended (beet, to aft 
its bydroilatic prefTure in overturning or bulging 
in the wa!!s, of which we have read and feen fo many in- 
fiances. A proper fpace behind all the walls (hould be 
puddled, allowing each courfe to fet effeftually before ano* 
ther is applied ; and provifion muft be made, in carrying up 
the wails, for crookedculverts, each of 14 to to inches or more 
in diameter, according to the fnpply of water and dtmenfions 
wf the lock> called the paddle-holes^ to extend from near 
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the fioor of the chamber of the lock, behind the walls, and 
riling up, fo as to return into the lock again behind or above 
the upper gates ; its plan being (hewn by dotted lines ee, in 
36, and its vent, or lower end e, is feen in the feftion, 
fy, t;, as its mouth or upper end is in the feftion,^. 38 ; 
in the latter cafe, one of them being (hewn open, and the 
other cloftd by its paddle or dough, A reccls is made in 
each wall above the feveral hollow quoins, large and deep 
enough for the gates to open back into, and remain out of 
danger from barges pafling into or out of the lock, as (hewn 
in the plan,^. 36. In the receffes belonging to the upper 
gates, a weir or over-fall, 38, for the water, is pro- 

vided, four or five feet long, having a coping or fill of good 
ftones or bricks, juft the height at which the water is in- 
tended to (land in the upper pound or canal ; thefc arc 
called the paddk^twcirs or lock weirs ; a large flat (lone is 
iifiially laid over thefc, leaving three or four inches in height 
for tlie ftream of water, to complete the wall upon, and the 
cavity is conduced down, diininifliing in width and enlarg- 
ing in depth behind the walls of the Kick, into the padtHc- 
hole, or crocked culveit before mentioned. The conftruc- 
tion of the paddle- holes and weiss defems the particular at- 
tention of the engineer, to fee that they arc conftrufted of 
the very beft bricks, laid in good cement, and the fame al- 
lowed to fet thoroughly before the canal is filled ; or 
the rapidity, and frequent adtion of the water in thefc 
parts, will wear, undermine, and endanger this part of the 
lock. 

We may proceed now to deferibe the other appendages 
of the lock ; iliefc arc llic lower gates, which ought to he 
conftriidled of ftout oak frami.ig, the bead or hinge poft of 
the gate -being rounded and nicely fitted to the hollow-quoins 
above deferibed, while the other heads are carefully cham- 
fered off, fo that when the gates arc fet up in their places, 
touching the hollow-quoins, and the mitrcr fills, their cham- 
fered heads (liall meet and truly fit ; inftcad of hinges, eitlicr 
a rounded part of the head of the gate, or a ftrong gudgeon 
of iron at the bottom, is let into n hole provided in me ftone 
or timber below, but not fitted thereto fo as to bind, or pre- 
vent the rounded part of the head from being preiTed 
clofdy and uniformly into the hollow-quoin by the force 
of the water ; the top of the gate is kept in its place by a 
ftrong ftrap of iron which goes round it, allowing fuflBcient 
fpace, and is keyed or fere wed down to a ftrong cramp or 
pin in a large (lone, which aft:% as a coping to the hollow- 
(quoins. The gates are ufually planked with deal, fome- 
times upright, but often in a diagonal direftion ; and a 
fquare hole is left in the boarding of each lower gate, to 
which a paddle is adapted, with its ftem or rod riling up 
above the top of the gate, by the fide of a ftaiidard of 
wood, Jig, 39, fixed to the top rail or balance beam of 
the gate in which is a pinion, working into a rack of call 
iron on the paddle-fteni, which is turned by a winch* 
handle, and the paddle is retained at any height to 
which it may be drawn, by a ratchet or ftop, that can rea- 
dily be turned up to lock into the teeth of the rack, or 
turned down to difeharge and let down the paddle. The 
top piece or balance beam is ufually a tree ot confiderable 
dimenfions, having.its full fixe, or but end, left unhewed to act 
at a handle to turn the gate round by, and at the fame time 
to balance it, fo that the front of the gate may not drag on 
the (heeting at bottom ; but as it would be very difiicult 
thus to balance large lock-gates, like thofe at the London 
Doeks% a roller of bralt or caft iron is fixed under the head of 
each gate, and a ftrong circular fill of wood, or rail of caft 
iron is prepared on the (hecting, for the (ame to roll freely 
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upon, and caufr the prate to open and (hut eafily: the height 
ot the roller above mentioned is made adjuftablc by a ferew, 
fo that the gate can at all times be kept from dragging on 
the fliceting; and indcad of handles to open fuel/ gates, 
ropes and cliains, and capilans, eroded on the hanks for 
the pnrpofe, are ufed to open and (hut them. The upper 
gates are himg and conftrufted nearly like the lower ones, ex- 
cept that they have no paddle-holcs in them, and are ufnally 
boarded no higher than the level of the paddle -weirs behind 
them, in order to adift as weirs in carrymg off a fuperfluity 
of Water ; but thefe arc often attended with bad confe- 
qucnccs, the fall of the water wearing, and in time damag- 
ing the bread of the lock; and iu* floods, the dream or 
fpladiingof the water may damage goods in, or even endan- 
ger the finking of, heavy laden boats, in the lock ; the fame 
may alfo happen with deeply laden boats when tlie paddles 
are drawn in afeending, if the paddle-holes do not enter the 
chamber of the lock at fome didaiice below the furface of the 
water, and in a pioper direction : on the Monmouthjhirc ca- 
nal the paddle-holes are both united, and difchargc them- 
lelves through the bread cf the lock into the chamber ; a 
pradice that feems by no mcniis worthy -of imitation. The 
upper paddles, or thofe behind trie upper gates, are drawn 
by a rack and pinion, lit 0^9 by means of a winch- 
handle, (which tacli bargeman and lock-keeper carries with 
him) in the fame manner as thole in the lower gates, which 
we have deferibed above. Guard-rails or curving pieces of 
timber, /, 36, ought to be ftrongly bolted on to piles 

driven for that purpole in the front of the wing- walls jud 
above the furface of tlie water, to guide the boats into and 
out of the locks, without (Inking the walls ; which is (ar 
preferable to the huge dones let into the wdiig-walls in (ome 
places, called bumping ftones, and calculated rather to break 
and dedroy the barges, than protcA the walla. It will be 
iieceffary alfo to provide a itrong piece of wood formed to 
the curve of the bread-wall of the lock, 3 , fig. 37, before 
which it (hould be fufpended a few inches aoove ihe water 
when the lock is empty, by means of two or throe chains ; 
thefe arc called bumping pieces, and are intended |o receive 
the dem of the boat, and prevent it driking thft wall when 
the. fame is not drapped or dopped in proper a prac- 

tice, however, for which the bye laws or clauses in the 
(hould provide adequate lines or punifliments : and ftrapping 
pods (hould be fet firmly into the ground in .the proper 
places for the bargemen to wind their rope, or ftrap as they 
call it, and by cafing it out by degrees, to dop the velocitv 
of the boat before it arrives at the gates or bread of the lock 
that it is entering. The gates (hould alfo be fumi(hcd with 
two or three drong upright planks on the lower fide, gg, 
Jfg> 39» to receive occafional blows from the nofes or items 
of the boats, and prevent the planks of the gates being 
broken or darted thereby. There is room for ilie (kill cf 
the engineer to be exercifed, in foi ruing the lock-fills and 
gates to that particular angle which will render them Ilronger 
for the fame width and depth of lock, than th'7 would 
if they met more acutely, or were fhorter and met more 
obtufcly. In very large and wide locks, the gaits (houM 
not be draight or plane, but a little curving 10 give tliem 
greater drength. On narrow canals, it may not be necef- 
lary to makd double or angle gates, but one gate (hutting 
fquare acrofs the lock may be Itrong enough to anfwcr every 
purpofe, and be opened more readily than two gates on the 
oppofitc banks can be; the upper gates in particular, on 
account of the comparative fliallownefs of the water there, 
nwfcy be (ingle, while the lower gates, if the fall is conlider- 
abki may double, lu fetting out canals, where the fall 
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of the ground is very gradual and cafy, it may be nccelTary 
to avoid long lengtlvs oT deep-cutting below, and of embank- 
ing above, or making the line very crooked, to make (hal- 
low locks, if water is plenty ; and under the (amc circum- 
dances o»*ly, will it he allowable to make ic, ,12, or more 
feet locks in particular places, however well the ground may 
fuit the fame; many of tl efe cKiuble locks wtre at (irft 
ert£^cd, as on the old Birmingham canal, and the* Calder and 
Ilebblc navigation, where about 1783 lii.glc locks were 
obliged to be fubftituted, to avoid the walle of w'ater, be- 
fore pointed out 

Wehave rot yet noticfd an inconvenience and wafteof wa- 
ter, which attend the plachig of locks nearer to each other 
than about 100 yiird8,or having bafoiKs between them, equal in 
ana to about thyt length of the can .!, as was done at Salter 
Hcbble in 1783 in the alteration above nientioiied; without 
w'h-ch precaution, a boat in defccTditiglets down more water 
than the pond below will hold, without raifing its* furface fo 
as to lofc a good deal over the lot k- weirs, and ft»ll worfe 
ht'ppensin aieending, for the (hurt pc‘n.s arc fo much lowered 
by filling the lock below, that laden boats are unable to pro- 
ceed for want ot water, until a fupply is let down to wadcf 
through the upper lock, to help them forwardi>. As many 
locks as can conveniently be brought near to tach other, on the 
principles above, and before explained, fliould be contrived, if il 
car. be done, to be in fight of each other, and of a length of ca- 
nal CHch way ; and the lock keeper's houfe fliould be fo 
placed, that he can when at home at his meals, or otherwife, in 
bad w'cather, fee barges approaching the locks, in time to meet 
them before they enter the locks. Mr. Fultun who wrote 
in 17^6 f.iyp, that the coll of locks for 25 ton boats, was 
about 70!. per foot rife, and for 40 ton boats, about lool. 
per foot rife ; this may ferve to give fome general idea of 
the coll of locks at that time; but we would obferve, 
that the decreafe of the value of money, and the excep- 
tions to all general rules on thefe fiihjefts arc fo many, 
no dependence ought to 'be placed on luch modes of ctli- 
mating. If fufficient water-way is given in the paddles, 
and there is airiilunce enough to draw both the paddles, and 
open and (hut the gates at the fame in Hants, a boat may 
pafs each lock of the ufual corRru^lioii and rife, in three 
minutes time, but in general, minutes will be ntiarer to 
the average time loft at each Iock, aa obferved by Mr. Be* 
on the canal. Theorems for the time 

of filling a lock of given dimenfions, and with given paddles 
arid fall of water, (hould be found and compa**ed with many 
experiments on the locks under the care of our refident en- 
gineers. (See Nicholjhn's Journal 8vo. 9, vol. iii. p- 
30.) It (hould be conlidered, that a boat going up lets domi 
or confumes twice the weight thereof (boat and cargo in- 
cluded) in water, more than in going down through each 
lock ; for the boat on entering the empty lock, expels as 
much water into the lower reach as its own draft of water, 
which is made good out of the upper pound vidien tiic boat 
enters the lame ; while a delcending boat expels its own flo- 
taiion bulk of w.iter from the full lock into the upper 
pound, where it is retained on the (hutting of the upper 
gates ; the mean of a paffage each way will be a lock-fuM 
for each boat, unlefs they go always loaded one way, and 
empty the other. Mr. Fulton fays, that the confuenp- 
tioii "of 23 ton boats through tight feet locks, will in 
general be about 1O3 tors of water in afeending, and 103 
tons in defeending ; and Mr. Chapman informs us, that 
boats ipafiing and rcpalTin^ a fummit, ladtn one way, and 
returning empty, will require nearly 13 times the weight of 
their lading of water for ihcir lockage, out ol the fummit 
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potuicl. Seven hundred tons of lading per day are a& much 
as pafs or repafs upon any one of our canals^ according to 

Mr. Fallon. ^ • r A es. 

We cannot with propriety quit the fubjeft of conftrnct- 

ing locks, without mentioning cofferHlams^ which are a 
double range of piles drove very aofe to each other in a 
circular form rou!)d the mouth of any canal or duck, that is 
to have a lock built, repaired, or altered, conneding with 
the ftn, a river, or any cxiliing n?:vigation fliat ca:iiiot be 
emptie.i of its water; the interval between the piles being 
filled with earth, the water in the fpacc between the coffer- 
dam and the intended works is then pumped out for the 
woi ks to proceed ; the many and fatal aceidents to which 
thtfe are liabk, cfptcially when the works are nearly eom- 
plettxi, and the earlh excavating from the bottoms to 
open the paffage freely to the lock or W'orks, require all 
the p^’cautions, flull, and attcnti<;U of the moll able engi- 
lucrf, cfpecially when the rife and fall of the tides or waves 
of the ocean, prefent unequal adtiou on the piles and 

dam. . 

The (if *water in the vfe of lochs is a confideration of 

fo much importance in moft of the inftances which occur, 
thr.t it is ncceffary we fhould mention feveral of the expe- 
danis w'hich have at different times been propofed, or prac- 
tiftd for that purpofe. Some of the moll obvious of thefe 
are, a minute attention to the fitting of the gates and pad- 
dles, conllruahig every part of them of the moft fcafoiicd 
and durable materials, with the utmoft precautions againft 
pirti.tl wear or liability to accidents, by which the gates or 
paddles would leak and walle the w'atcr; and Ihould fuch 
Kaks happen, the eftabliftunent for working the canal ought 
to be fudi, as to dctc< 5 l the fume immediately, and apply 
the proper repair amendments without delay. It is of 
great importance to adapt the plan or furface of the water 
III tlic lock, to the fizc of the boat or boats that are to be 
uitd, leaving as little water uncovered in the chamber of a 
li,ck as poftiblc, and for this purpofe, where water is fcarcc, 
it will be ntceflary to ciifo*^ce the regulations, that the ad 
ought to contain for the length, width, aud form of the 
boat** tl’at arc to be ufed ; and on canals for large and fmall 
boats, to fee tliat two or more of the fmaller boats arc fo 
contrived as to lie clofc together in the lock, and occupy 
the whole fpacc thereof as one of the large boats would do: 
lefs than this number of fmall boats mull not, when water is 
fcarcc, be allowed to paf?, or without paying fuch increafed 
tonnage or lock uius, as will a6l like a prohibition. 

The ivait!\% for turns, particularly by empty or lightly 
laden boats, ought alfo to be provided for, and it may be 
fieceflary ou forne occalions to enforce the fame ; viz. to fuf- 
fer no boat to pafs down, until there is another ai rived be- 
low, aud ready to afeend as the lock is filled ; or any boat 
to afeend, till an nlier is ready above to defeend with the 
lame lock-full of water. Where fmall or ftiort boats arc in 
pretty general ufc upon a canal, as on the Shnwjbury, it 
mav be right to adopt the practice vdheh Mr. Flomas Tel- 
Whas deferibed, who fays, “ the locks arc fo formed as 
to odmit of either one, three, or tour boats pafting at a 
time, without the lofs of any more water than what is juft 
ncceffary to regulate the zfeent or defeent of the boat or 
boats that arc then in the locks. This is accomplifiied by 
having gates that arc drawn up and let down perpcudicu. 
larly inft * id of being worked horizontally ; anit each lock 
has thrt e gates, one of which divides the body of the lock, 
fo as to admit of one, three, or four boats at a time.” See 
Phmieff Report before quoted, page. 2 . 

A very fcdfiblc writcri who has » lul' account of 


the Grand JunQion canal, in the Agricultural Magazine for 
fSoj, vol. viii., under the fignature of a conftant reader, 
fuggefts at page 204, the propriety of an additional fet of 
narrow locks on each fide of the fummit which Is in want of 
water, for the ufc of the narrow boats, to which they fhould 
be cxa6lly fitted ; as alfo, to avoid the expence of lifting or 
pumping water, that can be collected in refervoirs or feeders 
at fome dillance btlow the fummit level, by ufing (hallow 
locks of only three or four feet rife each, between the fum- 
mits and the where fuch w^aters can be taken in with- 

out lifting. The pumping of water from a lower level to 
fupply the wafte of lockage, by means of ftcam engines, has 
been pradiftd v'ith futcefs on the old Birmingham^ the 
Davnjley, and feveral other canals ; the Croydon was to be 
conllrudtd with a dependence on this mode of fupply, 
appears by its av ?1 ; and on the Grand JunQknf engines 
have lately been ereded near Tring and near Braunfton, 
for raifing water to the fiimmit-lcvcls. A very confiderablc 
power is loft in the defeent of the water through the paddle- 
holes, to fill the lower part of a lock, and again through 
the gate paddles in cr^iptying the upper part of the lock ; 
we have often thought that it might be praclicablc to apply 
this power fur returning a certain quantity of water into the 
upper pound, either by making the defeending itream a6l 
on a wheel, or on vants like ihofe of a fnioak-jack, or by 
means of hydroftatic prtffure, or momentum machines. Sea 
Monthly Magazine, vol. vi. page 124. 

Sidefonds are an expedient for retaining part of the wa- 
ter, from the upper part of a lock when it is to be emptied, 
and to ufc the fame towards filling the lock again for the 
next boat : they arc faid to have been invented by M. Du» 
hie, and one wdth 3 divifions was tried in a lock of ao feet 
fall, on the canal of Tpres, near 10c years ago; they arede- 
feribed by M. Belidor. On the 5th Jnly, ^ 1 **. ^atne\ 
Plavfair took out a patent for this mode of favmg water in 
ufing locks. Sec Rtpirtory, vol. iii. 30.^. And in the fame 
woiK, vol. i. p. 377, Mr. Phi has dcfcribtd three fidr- 
pouds, in foim of fcdlors of a ciiclc. We read that in April 
laft, ( I boy) an experiment was made on the Grand yunition 
canal, and two of thtfe lidc-ponds, with earthen banks like 
a canal, and each about the fame fize as the lock, were 
tried near Bcrkhamftead ; into one of them, whole bottom 
coincided with about half the height or altitude of the 
lock, the upper quarter of the water of the lock, for a dt- 
feending boat, w'as drawn, and it was there retained by a 
clofc (buttle ; the ftiuttle of the other fidc-poud, whufe bot- 
tom was about level with one-fourth of the height of the 
lock, was then opened, and about another quarter of the 
water in the lock fiu\vt*d into it, and was theie retained by 
the fhiittlt ; the rcinaindrr being emptied by the gate- 
fliutlits into thv lower canal ; and tiic boat having pafiVoout, 
and another a*‘ctndiiig one taken its place in the lock, the 
lide-pond that had lall been fiiud was emptied into the 
lock, and then that alfo wlikii had been firlt filled; thefe 
together filled half tht lock, before the upper paddles W’ere 
drawn to fill up the icmaindcr, the (huttles ol the ude-pendo 
being firft (hut down ; by this means two boats were pafftd, 
by letting* clowm only half a lock-1 uH of w.itcr into the lower 
pound ; and the lock rtmaintd full, ready for another de- 
Icendiug boat, as btfo;e. The time taken up by the above 
operations was about nine minutes for each boat that paifed, 
or 3^ minutes moie than if the fidc-pends had not been ufed. 
We underftand that fide-jponds are becoming common ou 
different canals ; their conftruftion offers a very curious ex- 
ereife for the abilities and (kill of the engineer, fo to appor- 
tion the number, fixoi and height pf the ponds, that, confi- 
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Jcnncf the cx pence of comdru^^ion, lofs of time in pafling, 
and the faving of water that is tfTc&td, tbc rcfult iray be 
the mod advantageous. 

It aopears, that Mr* Michael Logan took out a patent 
jn 1S04, for raifing or forcing water into a lock ; alfo, that 
in January J 79 ^> obtained a patent, for 

a method of di awing up the falfc or moveable bottom of a 
deep fide-pond or large well near a lock, and by that means 
filling the lock with winter, until a baiM^e had pafTed up, or 
another wa** ready in the lock to defeend, when the falfc 
bottom beirjg again let down, the water retreated by the 
fame conPcAiiig culvert that bad brought it into the lock, 
it was again emptied, and the boat able to proceed on the 
lower canal, without having walled or let down any water. 
Sec Reperiory^ vol. vii, p. .^61. 

Mr. Lanfon Iluddhjlon has communicated, through the 
medium of Ntcholjorts Journal^ 8vo. vol.iv. p, 2.56, a me- 
thod of railing the water in a lock, horn a deep fide-pond 
or well as above, by means of a folid or heavy plunger that can 
be let down into the well, by means of machinery that fnf- 
pends it, when the water is to be railed, and drawn up when 
It is to be allowed to fink again ; the plunger being balanced 
in all its different degrees of immerfion by a counter weight 
adling on a fnail or fpiral curve. 

Mr. Robert Salmon has invented a different mode of ac- 
complifhing the fame thing ; his plunger being hollow, and 
as buoyant as pofliblc ; and for forcing the fame dowm into 
his eiffem or fidt-pond, when the lock is to be filled with 
water, he has contrived a very curious apparatus; it confifts 
of a very heavy carriage on four low wheels, or heavy rollers 
of metal, conncdled together by a frame to anfwcr the 
fame purpofe. Two frames or planes afc prepared, that 
turn on fixed centres, as a door does on its hinges, but 
horizontally inftead of vertically ; the other two ends of 
thefc planes reft on the two ends of the plunger, by means 
of uprights therefrom and moveable joints ; upon thefc 
planes tTic carriage rolls, in fuch a manner, thst w'hen it is 
drawn forwards, by means of a rope or other mtchl^ery, the 
weight advances upon the plunger, and the pkfies being at 
liberty to turn on their joints, it finks the plunger by de- 
grees, until at length the four wheels reft exaAly over the 
joints at the ends of the plunger, exerting the wluMe weight 
of the wheels and carriage, to keep it down and ' elevate the 
water in the lock ; on the carriage being withdrawn, the 
weight on the plunger leffcns, and it rifes, until at length 
the four wheels reil juft over the hinges or fixed joints, and 
no part of the weight of the carriage or wheels is then 
exerted upon, or to countera^^ the buoyancy of the plunger, 
and the water retreats from the lock into the fpacc under 
the plunger* Tha^ this carriage, which mull be extremely 
heavy for large locks, may not be fubjeCt to run forwards 
or backwards on the planes ; Mr. Salmon hac contrived one 
of them with a peculiar curvature or bend, fo that the ten- 
dcncy of the carriage is as great to advance as to retreat, in 
every part ; and a conftant and fmall weight, hung on the 
end of a line over a pulley, in tiie model, will caufe it to 
move cither way, with a regular and fteady motion. During 
the laft fcflion of the Society of Arts, in the AtUlphi, Mr. 
Salmon prefented a model and defeription of his invention, 
for which he was honoured with a premium ; the model 
is lodged in the Society’s colkaion, for public infpcc- 
tioa, and a particular defeription of the fame is expeaed 
to appear in their next, or zjd volume of 1 ranjciajfms. 
UrrSabaon has hit upon a method of mechanically con- 
ftruaing the curve above-mentioned for one of the plaiies, 
which is four>d to approach very nearly to the arc of a 
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circle. A mathematical friend of Mr. Salmon, wlio 
was Ihewn the model in an early ftage of his experiments 
thereon, has propofe 1 as the 8^th cjuellion in Lcxboitrn* s 
Mathematical Repofitory, the determination of the naure 
of the curve in a patiicular application of Mr. 
principle; we arc fimy, however, to fee this qutfiion ftill 
unanfwercd by the ingenious correfpon dents of that very 
ufcrul and learned w ork ; becaiife this curve promifea to 
be applicable on fcvcral occalions in the ccnllni6tion of hy- 
draulic machines. We have been treating uf varioua con- 
trivances for faving v^attr in the ufe of lock« ol the common 
conftruAion ; and we lliall now proceed to mention fcveral 
fiibilitutca for lock-i in overcoming afeenta on a canal or 
river, but in which the boat continues floating in watci ; 
before we pro>. *cd to inclined planes, or other fcliemts, in 
which the botir is to be drawn or furpeiidrd out of the 
water, or the goods to be removed by cranes, &c. to other 
boats. 

Suhjiitutes for huh, have been called for in fi;mc riluations 
by the a£lual fcarcity of water, in others by the previous 
and nectffary appropriation of the whole of the ilreams 
to mills or the praftice of irrigation, aiid not in a few cafes 
by the jealoufy and oppofition of mill, park, and land own- 
ers ; the intemperate veal alfo of fomc projtd\ors may have 
operated, who do not hefitate to prognofticate the annihi- 
lation of lock-canals, by “ improved fcience ; in like man- 
ner as improvement in machinery renders the old apparatus 
ufekfs.” Sec R* Fulton* s Ireatlfe, page 28 and no, fifr, : 
alfo, IV^ Chapman* s Ohfrrvatwns thereon, page 2, &c. Seve* 
ral canals have, like the Hnflingden, been reftri^ed from 
crcAing locks in particular places, without the mill-owners* 
confent ; it is therefore no matter of furprife, that various 
fehemes have been propofed to obviate the ncccflity of com- 
mon locks. On rivers where the boats are hauled up a^ainft 
the ftream, it is not uniifual to lighten a boat by (hifting 
pan of its cargo into other boats, called lightening boats, 
ib that their diminifticd draft of w^atcr may enable them to 
be diaggfd over any particular rapid ; and in more extreme 
cafes, the whole of the lading may be taken out, and be 
conveyed by land to meet the boat again after it has been 
dragged empty over the rapid. Rapids may themfelves often 
be made navigable by Jtitirs, or contraction of the width 
of the ftream in fuch places, and if the fall is rendered 
very confiderabk thereby, capftans or machinery may be 
credted for the hauling up or cafing down of boat^ ; thele me- 
thods have doubtlcTs been in ufe from the earlieil periods ; 
and we read of great numbers of men in China being em- 
ployed with ropes to haul boats up their artificial rapids or 
falls. The methods of ufing ft op-planks occafionally to 
caufe an artificial flood in Lgypt, China, Flanders, and Ire- 
land, as before -mentioned (when fpeaking of the invention of 
locks), are affo very ancient, and fuch are ftill in ufe upon 
fevcral of our rivers ; on the Ivel river below Bigglefwade, 
we think we remember feeing upright narrow planks ufed 
againft a moveable beam at top of the water, and a fixed 
fill at the bottom of the fame, for penning the water and 
producing a flufii or flafh of water, w’hen ihc planks are re- 
moved and a boat is to pafs. On moft of our old river na- 
vigations there are gates crcCled to pen the water, and the 
fame are drawn up to occafion a fiidden flafit while a boat is 
to pafs. At the entrance of the Worfley mine on the Duke 
of Bridgewater* B canal, we remember a large door that was 
drawn up for our boat to pafs under it into the tunnel, and 
then kt down to pen the water therein three or four inches 
higher chan it ftood in the caii^l. The difficulty of opening 
large gates, to produce a ftufh of water or to kt a boat pafs 
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hat been before noticed ; and in the Memoircs de PAcad, det 
Sconces for 1707, wc find the deferiptinn by M, de la Hire 
of gates calculated to obviate this inoonveuience in part» by 
having a large pair of dmirs in the gates opening the con- 
trary way, or with the dream, which on the drawing of a 
pin can be let to open by the prcflurc of the water ; after 
which the great gates can be opened with cafe, and when 
open, the doors can as readily be ihut again and pinned, ow- 
ing to their (landing in the dirc^lion of the fliram ; and the 
gates then arc ready to be (luit again as foori as the head of 
water is run ofl‘, or the boat bus palfed. It arppeurs* that 
in extending the navigation of llie ^eme river in France, 
gates introduced, wdiich the Duke of Rountuz had 
invented, and which arc deferibed in the MitnAns Acad, 
des Sderces for 1669, conjifting of two upright gaits, rather 
wider than half, and as deep as the channel of tlic (Ircam 
or river, bert into the arc of a circle of about 4S fett ra- 
dius; to each of tin fe gates fcvcral long beams of \v(K)d were 
fixed, meeting in or near the centre id the circle, of which 
the gates formed a part ; and here being firmly united, they 
abutted againd a folkl pier of (lone, or worked <in a centre- 
pin fixed in a flrong pile, drove very firmly into the caith by 
the fide of tlie channel, at 48 feet below ilie place where 
the gates were intended. A notch was formed in the bank 
of the channel on each fide, in form of fedors of circles, 
fufficicntly large to contain the two gates and their beams 
or centering as alcove* By this conftrudlion, the whole of 
the prefliirc of tlie gates when fiiut and the water pen- 
ned by them, was brought to ac^l on the two upright pins 
or centres ; and a very moderate force applied to the head of 
each gate would draw them apart and into the fedor-like 
recefles prepared for them, leaving the chamicl or com fc of 
the dream pcrfcdly free of any obdacle, to chcc k cither the 
current or a boat in pading through. By a ftualf adjud- 
ment of the places of the centres, gates of this kind may 
at all times be made to fit clofe to each other in the centre 
of the channel, on its bottom, and alfo to the fide walls of 
the channel above them, and yet on being moved a fmall 
fpace from each other they rfiay clear thofe walls and be free 
to move into the rcccfs, in the bottom of which there may 
be fmall rollers to carry the gates with lefs fri(dion, or rol- 
lers under the gates may be uied for tJic fame purpofe. See 
yacd LeupohPf Thealrum Maebinarumf folio, publifhed in 
1726 at Leipfig. 

Dr. Jamet Anderfon^ of Edinburgh, has contnved, and 
publifhed in 1 794, in his General Flew of the Agriculture^ 
fsfr. of the County of Aberdeen^ a method of elevating or dc- 
preffing fmall boats, floating in a coder or large tight open 
cafe full of water, that Can at will be made to coincide 
and connect at one of its ends with either the upper or lower 
canal ; into or from which the boats may pafs without cite 
lofs of more water than is ncceflary to fill the narrow fpace 
between a draw-gate at the end of each canal and at the ends 
of the coder, when the fame is prefied and retained clofe 
to the end of the canal, and a fmall additional quantity to re- 
ilore the equilibrium and give motion to the cofFeis, of which 
there are two exa6lly of fimilar dimenfions fufpended and 
conneded together by (Irong chains. Mr. Chapman* s concife 
defeription 0? this invention isfo much to our purpofe, that 
we beg to ufe bis words, who fays, tlie doflor there ob- 
ferves, that, for all the purpofes of commerce, no more width 
of boatisrequifite than four feet, or more than two or three 
feet depth ; and that the length might be indefinite, fo as 
not to be inconvenient for afeending and defceoding be- 
•tween any two levels of canal, which he propofes to be 
done in the following manner, via. that the lower level be 
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run up to nearly under the end of the upper, and terminate 
by an upright end and two fide walls of mafonry, to the 
full height of the fall, with a pier in the middle dividing the 
pafTage between the two fide walls into two openings of ra- 
ther greater width than the boat ; the two ends of this pier 
arc to be elevated fo as to fullain the axis of a wheel, of a 
diameter equal to the width of the pier, and half of each 
opening. A chain pafCng over the wheel fufpends from 
each end a redlaiigular cafe, fo hung, that when one (hall 
be at the bottom ready for a boat to float into, the other 
fiiall be at the top, and dole preffed to the wall or frame at 
the end of the canal, fo as to prevent the efcape of water \ 
then, by opening a (lop-gate at the end of either canal, and 
uMcnher at the corrtfpouding end of the cafe, it is obvious 
that the boat may float in or out. The lowxr boat and 
cafe (or cafe with water only) are then in a kind of lock 
juft cojitaining the cafe, and of fuflicient depth to permit it to 
defeend to the level of the lower canal. From this lock there 
is a ciinduit to keep the water down below the canal bot- 
tom. Thcfe are the outlines of the invention, which, where 
the connexion between the two levels is a precipice, or fo 
deep as to require only a (hort tunnel to the well or pit, up 
or down which the boats are to move, may, on receiving 
Inch improvements as it is capable of, be enfdy carried into 
dfed for fmall boats, for which the author alone propofes 
it. It is obvious that under other circumftanccs, as to fitu- 
ation, the expcnces of high embankments above, of deep 
finking below, and of bringing up the conduit to lay dry 
the lower locks, mud more than counterbalance any advan- 
tage than can be derived from it.'' Where the fall is confi- 
dcrable, the dodor has propofed a balance chain, of the fame 
weight per foot as the fufpending one, to be hung from 
each coffer cr cafe. See litpertory^ vol. ii. p. 2 r. 

On the 24th December, 1798,^1*. James Fujell took out 
a patent, (fee Repertory ^ vol. xi. p* 7 ) for a method differing 
in principle from that of Dr. Andeifon tdiove. deferibed, only 
in having an axle and t^vo w'hetls thereon, at a diftancefrom 
each other on the middle pier, and under his coffers or recep- 
tacles, fimilar axles with apairof wheels, and infteadof his cof- 
fers or receptacles being infpended from the two ends of a 
chain paffiiig over the wheel, as in Dr. Anderfon*t method* 
Mt\ luJelPs two chains are fixed to the tops of the fide w^allt, 
pafling under the wheels of his receptacles, and over the whecli 
and axle on the middle pier. He alfo deferibes rollers or 
guides by the fidcs of his lock-pits to Heady the receptacles, 
and a toothed wheel on the middle fhaft or axle conneAed 
with a fly or brake wheel to regulate the motion of the 
chains and receptacle^ ; he alfu propofes the gates or hatches 
at the end of his receptacles, to be balanced by counter- 
weights, and to draw down into a cavity prepared for the 
purpofe, when a boat is to be paffed in or out, inftcad of 
drawing up. And if the fall be very co -fidcrablc, be fug- 
gcfls the propi-itty of a fhort tunnel or arch to condudl the 
lower canal into tne lock>pit, in Head of an open notch or 
perpeiidicubr walled cut in the hill for the lower canal. It 
appears that this balance-lock of Mr. FvJfelPs was put in 
praclice, or at lead tried, on the Dorfet and Smevfet canal, 
near Froome, on the 6th of September, and 13th of 0 £lo* 
ber i8oo, on a 21 feet fall, and with boats of ten tons bur- 
then ; delays in completing the above canal, and forming a 
communication, prevented this lock from being made ufe of 
for a lon^ time afterwards; but we believe that the note of 
a late writer on the above experiments, dating that a fob* 
feription was fet on foot in 1802, to ratfe money to make 
a lock in this very place, originated entirely in mi dabe* 

On the 1 8th of March, 17941 h|{eflrf. liowland uA Pick* 



CANAL 


315 


enns, took out a patent (fee Re[.:rturj, vol. i. pagefii.) for 
a coffer or cradle fimilsr to thofc dtferibed in Anderfon's and 
methods above, but which, inllcad of being fufpend- 
ed from or on clinins, is, in this method, fupported on pillars 
by a large divin,r-chcft or cailTon, funk in the water of a pit 
or well underneath, tlic whole being fo balanced, that the 
cradle can be brought to coincide either with the upper or 
lower canal, when boats arc to be floated in or out of the 
fame. Mr. Chap tnciti*s (hort clffcriptioii of ihifi invention is 
as follows: “ NlcOVs. Rowland and Pickering’s pltn of en- 
ahling great boats toareend ahd dcfccad with inconfidc-rable 
walte of water, eonliUs in having at the brad of the lower 
level of canal, a pit funk as nnit:h below the bottom of it as 
the difTcrcnce of he^dit bctwt:.,i the two levtU, added to 
the depth of a covered caiH'on of rcquifite magnitude. 'Phis 
caifTon, wdicn immerfed in the water, with which the pit is 
filled to the level of the bottom of the canal, is to fupport 
on wooden or iron pillars, of height equal to the fail be- 
tween the two levels, a trough or cradle with gates or draw'- 
doors at each end, cc'niaining a fufficicnt depth of water, to 
which the floating power of the CsTiflbn nuillthcn btin equi- 
librio, and confeqiieiilly capable of moving with cafe bc- 
tw’ccn the top and bottom of t!ie pit. When the furface 
of the water of tlie cradle is level w^itli either of the canals, 
and the end of it is clufed againll the fiarning of the gate 
of the canal by ferews or other means, and the water let 
in to fill the vacancy between the gate of the cradle and that 
of the canal, they both may then be opened, and a boat 
be admitted to pafs out. Excepting what may if nt cefTary 
be ufed for regulating the cquipoifc and change of mo- 
tion ; the intermediate water between th<. i^ate of each le- 
vel and that of the cradle, is all that is con fumed, and with 
draw-doors to the cradle and fingle gates to each level as al- 
ready premifed, the quantity mult be very trivial. The 
weight of walerdifplaccd by the bulk of the pillan fuftain- 
ing the cradle need not be material ; and where requifite, 
it is propofed to be counterbalanced by weights adlmg on 
a fpiral wheel. This plan, which pofleffes ingenuity, and is 
applicable in many inflances, is now carried into execution 
on the canal, near Ruabou, in Denbigh(kire,on a fall 

of 12 feet, and for boats of 70 feet length and 7 feet width ; 
the whole is moved up and down by a rack and pinion to- 
wards each end of the machine.” Wc may add, that Row^ 
land and C(/,*s patent deferibes four ropes to be itUched to 
the comers of this cradle in fonic inflances, pafiing over piil- 
lics in a framing above, to which weights arc to be fufpend- 
ed for aflifling the buoyancy of the caiflbn, or even in fomc 
inflances to ^perfede its ufe altogether, in balancing and 
moving the cradle up and down. The three methods lafl 
deferibed, as the inventions of Anderfon^ and 

land and Co. arc called Balancedocks. 

On the 19th of June, 1792, Mr. Robert Weldon took out 
a patent, (fee vol. ii. page 23 j.) for a Cdijfon* 

Icciti confiding of a lung covcicd and clofc caifTou or trunk, 
with clofc (hutting doors at its ends, in which water enough 
is contained for a boat to float into it, when it coincides 
with the furface of the water of the upper canal ; when 
being (hut in, this caiflbn or diving-trunk containing the 
boat, is to be funk through a deep pit to a door or valve 
opening to the lower canal, and the end of the caiflbn being 
fixed cTofcly and exadlly againd the opening of the fame, 
kf as well as the door of the caiflbn, is opened and the boat 
palTes out into the lower canal, and the apparatus is then 
ready for another boat to enter and afeend in like manner. 
Mr. Chapman thus deferibes one of thefe cailTon-locks for a 
fall of 45 feet, and for boats of 72 fiKt length and 7^ feet 
width : The caiflbn or cheft is cylindric, and in this in* 


dance of fufficient drcnglh to bear the pi*effure of a column 
of water 45 feet or upwards, to which it is fubjedled when 
oppofite the lower level, on account of the nccelfity of its 
being covered vvlirn oppofed to the entrance of the upper 
level. It is fo balanced, that when it has fufficient w'atcr 
w'ithin it to float a boat, it is of the fame fpecific gravity a.a 
the mrdiiirn it floats in ; and, like an air balloon, it afeends 
or defeendd by a flight inLicafe or diminution of its relative 
gravity, which, in this machine, is done by raifiug out or 
admitting an inconfidcniblc quantity of water. The pit in 
which the diving ched »^ovcs, has, oppolitc each level of 
canal, a tunnel or opening cldfcd with gates, and is lo much 
higher than the upper canal as to contain a height of water 
jn!l fuflicicut, as already mentioned, to cover the caifTorl 
when oppofite the upper level. In this or in its low'cr po- 
fitiun, when run dole to and abutting agaiufl the entrance, 
it is retained by the water being let out of the fhort part 
of the tunnel between the galea of the level and the end of 
the caiflbn. It is then held there by the prdfure of the 
column of water intervening between the fnrtace of the wa- 
ll r and that of the canal to whiili it is oppofed. Thi gates 
of the level of the caiflbn arc then opened, and the bout goes 
in or out , and on the gates being again cloftd, and the water 
let into the vacancy, the diving d^d is ready to ptocced to 
the other level. This feheme p fleffts much originality, and 
may often be ufcfully applied.*' The patent ddbribts racks 
and pinions, or chains and pulleys, for regul iting the motion 
of the caiflbn in its afeent or defeent through the water, 
and deferibes the gates of the upper and lower level of the 
canal, as flidmg up into proper recefles by the motion of a 
rack and pinion, when the caiflon by fetthrg oppofite it, has 
removed the preflure of the w'ater in the lock-pit, and that 
pumps are* to be nfed by the boatmen, who are flint up in 
the caiffon on board their boat, for expelling or admitting 
w'atcr to lighten or weight the caiffon, and air-pipes to pre- 
vent accidents by the want of frcfli air, in cafe of any delay 
while the* caiflbn wlili the men in it are under water. It 
appears, that the firft of thtft ca’Jfon locks was erefted in 
1794, for an experiment, by the fidt o^ tl.t canal at Oken 
Gales ill Shropflure; and that alioiit Aiigufl 179O, one was 
begun in Combe hay, on the Dunkerton biauch of the So* 
merfet coal canal, having the fall and dimc nfioiis above dc- 
fcnbtd ; aliout December 1797 it was compltied, and was 
fkveral times tried and boats and men paffed through it, 
among whom was Mr. W’lUitim Smithy the n-fiv^ent engineer; 
the trials continued occalionally during the ipring and part 
of the fi»mmer of J798, the canal not being ready for its 
being ufed by the trade ; when it w'as difeoveted, that the 
w^alls of the lock pits had not been conflru£fed wdth the rc- 
qndite care by the contia£for and inventor under whofc di- 
rc£f’ons they were built, but the water had got behind them, 
and on drawing off the water to make fomc alterations, they 
bulged fo much, that the wdiole w^as rendered unfafe and 
uftlcfs. After which the company fubftituted inclined- 
planes for removing coals, &c. in boxes to other boats at 
tins place *, but fince which, locks have been conltnided in 
their place. 

Before we quit thofe contrivances in which a boat and its 
lading are lo be transferred floating in water, wc have to 
mention an ingenious fuggeflion of Mr. William Chapman. 
He propofes, (OlfervationSf p. 85.) that a caiflbn contain* 
ing water and a boat thereon fliould be drawn Jide^nuayt up 
a iUep iucUoed plane, to be counter- balanced thereon by 
weights, or water-tubs defeending down pits ptwared for 
that pUrpefe, or by another fimilar caiffon on another plane, 
Wc find alfo in Mr, Ja FuJfdV% patent (Repertor^^ vok 
xi. p* 12.} the menti caifloni with boats floating in 
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tiietn, being raifeil nnd lowered by the double chains of his 
particular conllrudlion, on double inclined planesi wheelsi 
axles, &c. 

The conftrunion of IncTin:d Planes^ on which boats are to 
be drawn up or let down from one level of a canal to another, 
appears to have been long known in China. Between the 
upper and lower levels of their fmallcr canals, a double glacis 
of fmooth hewn (lone is conilnnEled ; the principal flopc of 
this extends from t!ie bottom of the lower canal to a little 
above the furface of the water in the upper canal, and ter- 
minates in a large beam of w'ood acrofs the plane, the top 
of which is rounded and made very fmooth, from which 
another limilar plane of Hone defeends to the bottom of the 
upper canal, 'fhe bottoms of their boats appear to be flat, 
and con ftru fled fo (Irong and fmooth, that a boat and its 
lading can be drnggtfl up one of thefe planes, and lowered 
down tlic other, in order to pafs forwards on the canal. The 
amazing popnlonfncfs of China rendering manual labour 
very cheap, men are employed in incredible numbers for 
working tlicit* canals ; a rope is faid to be hove round the 
fteni of a boat that is about to afeend one of thefe planes, 
and by mrans thereof fhc is drag ged up the plane eitlicr by 
hauling dir. flly at the rope, or by palRng its ends round 
capftans civCled for the purpofe on tlie banks of the larger 
planes, to the bars of whicli the men apply their (Ircngth. 
When the boat is brought to an equipoife on the crofs-beam, 
another rope is dextroufly (lung round the head of the boat 
by means of which it is cafed or let down without violence 
into the upper canal j the fame procefs is ufed in dtfeend- 
ing. It feems a matter of doubt, whether cradles or rollers 
of any kind are ufed under the bottoms of the Chinefe boats, 
while they arc pafled over tluir inclined planes, as the latcll 
accounts of travels through that furpriflng country, make no 
mention of fuch. Water-wheels have alfo been deferibed 
by fomc as in ufe there, for raifing and lowering their boats, 
inftead of capftans worked by men ; but of this alfo there 
are perhaps reafons to doubt. 

The Fonts aus Rouleaux^ or rolling bridges, which are par- 
ticularly defcribtd in a tra<fl printed at Paris, in 169 arc 
faid then to have been pradifed for fome time in Holland with 
fuccefs, particularly on the canal between Amftcrdam and 
Sardam. This kind of inclined planes had rollers at Hiort 
diftances, over which, by means of a water wheel, the boats 
were hove up to the ridge feparating the two waters, a little 
higher than the upper one, and were launched or let regu- 
lany down to the other. Mr. Chapman obferves, that the 
boats in this and the Chinefe method, could not be very 
long, bccaufc, although here iu afeending or defeending 
the inclined plane, they might bear upon many rollers ; yet, 
in the change of pofitioii kom the regular line of afeent, 
they mull obvioufly bear upon one roller, and be liable to 
ftrain. 

Mr. Dains Dnhartt an ciiginecr in the Sardinian fcrvice, 
was, as Mr. Chapman informs us, [Ohfsrvatms^ P‘ 5 ') 
the (irft who introduced inclined planes into pradice in the 
Brililh dominions ; he refidcd in Ireland for fome years pre- 
vious to 1777» and was engaged in the Tyrone collieries 
near Dungannon, which are iituate about three miles diftant, 
and 200 feet above the level of the canal conneding with 
I.,ough Neagh ; the fums granted by government being in- 
adequate to the conftrudion of locks for fo great an afeent* 
Mr. Dukari turned his attention to fmall boats and inclined 
planet, of which he conftruded three, conneded by narrow 
onds. The falls were 70, 65, and 55 feet, which lad ter- 
minated about J J feet above the canal ; to which, by a ftiort 
rail-way, his boats, again floating over a carriage, were 
onwnrdfl to the wharf ; and there, being fupported on 


geers and frames, the boats were turned over to difcliargc 
their cargoes. This firft attempt differed from die Poni^ 
aux Rouleaux in no other refpeds than having a double 
paffage down the inclined planes, fo that by meaua of a roue 
leading over a wheel, his loaded boats drew up his light 
ones ; but finding various inconveniences, from fome of the 
rollers not turning, and from the individual irregularities of 
the diameters of others throwing his boats to one fide, as 
well as from other caufes ; he fuggefted and put in ufe an 
inclined plane with two parallel rail-ways ; up and down 
which, by the aid of a rope pafilng over a wheel at the 
liead of the plane, his boats alternately paffed, upon a cradle 
with four wheels, over which his boats were floated at each 
extremity of the fall. The loaded boat (the trade being a 
defeending one,) drew up an empty one ; for drawing the 
boats out of the upper canal on to the ridge, terminating 
the dcfcti.tling plane, he ufed a horfe-gin. A few boaa 
only were thus pafled, by way of trial, before the works 
were fufpended, and Mr. Ditkart*s death happening foon 
after, all of them were laid afidc, and fince that period a 
rail-way has been fubftituted in (lead of the canals and in- 
clined planes. 

Mr. lidmnnd Leach contrived an inclined plane in the year 
1774, five of which he recommended to be ufed on the Bude 
and Launcf}o7i canal, and two of them on the Li/keard 
(fee his Treatife on Inland Navigation ;) he alfo prefented a 
model of his inclined planes and apparatus, to the Society 
of Arts, in whofe repofitory, in the Adelphi, it may be 
feen by any perfon. Tins contrivance confifted of a double 
inclined plane fiirniflicd with rollers, from the bottom of the 
upper canal upwards to a ridge or crofs beam, then of a (hort 
platform or level part, from which the fame kind of double 
inclined plane, except that thefe were without rollers, de- 
feended into the lower canal for a confiderable depth. On 
each of thefe inclined planes, a cradle or frame for receiving 
the boat upon rollers in an horizontal pofition was placed ; 
and under thi.s cradle was fixed a large water-tight chtft or 
caiflbn, with a valve in its bottom and an air-hole at top. So 
that when the cradle and cheft were let down into the lower 
canal the cheft filled itfelf with water, to adl as a countcr- 
poife, and regulate the motion. Thefe chefts were of fuch 
a form, that when the cradles on the tops were in an horizon- 
tal poiition, the lides of the chefts adapted tliemfclvcs to the 
inclination of the planes, and they had fcveral rollers fixed in 
their fides to leffen the fridion in moving up and down the 
planes : to the upper corner of this cheft a ftroiig frame was 
hung with hinges like a door; this frame had rollers fixed 
on both fides of it, and was fo contrived, that when the 
cheft and cradle were afeending the plane with a boat upon 
them, this frame refted on the inclined plane, and prevented 
by its rollers any fri6lion from the head of the boat againll 
the plane ; when the boat iind arrived at the top 0? the 
plane, this moveable door fell into an horizontal pofition, 
and juft covered the platform above-mentioned, when the 
boat was at liberty to be moved forwards on the rollers of 
the cradle and door, by means of a rope and capftan, to the 
crofs beam, and from thence it could by the fame means be 
lowered cafily down upoi: the rollers of the upper plane into 
the upper canal. The two chefts and cradles above de- 
feribed were conneded by means of ftrong ropcs^ which 
wound round an horizontal axis fixed in a ftrong framing 
above the top of the planes, fo that one of the cradles would 
always be funk into the lower canal juft deep enough for a 
boat to float on to the cradle, at the lame time that the other 
cheft and cradle were at the top of the other plane, and iti 
door lying on the platfornn as above deferibed. A water- 
wheel was to be provided, with cog-wbcels conoeding with 
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the axis or barrel for the tppe, to give motion to the ropes ( 
and cradl'j.s with their contents, when a fufficient quantity < 
of vMitcir had been let into the upper cheft by a valve and 
P'p'. contrivrd for the purpofc, or out of cither of the chefts ’ 
by menus of a ftring altnchcd to their valves, till an equili* i 
brium of t^.e two chefts, cradles, and boats upon them were 
obtained. By this apparatus it was propofed, that in genc- 
r )1 one boat fhould be afeending upon one of the planes 
w 'iwlc another defeended on the other ; but the caiflbiis were 
large enough to admit of fufficient water from the upper or 
lower level being taken into one of the chefts, to balance a 
loaded boat on the other. The capftan worked bv men 
was propofed to be ufed, for dragging boats out of the up- 
per canal over the upper plane and platform on to the cradle 
111 older to defeend. Walking-wheels, to be worked by men, 
were alfo propofed in (lead of water-wheels, where the water 
was very fcarce in the upper canal. The canals above- 
mentiontd were never carried into execution, although an adi 
of parliament wci c obtained for the former, nor have we heard 
of any of Mr. Lench\ planes being brought into adlual ufe. 

Mr. WilVtam Reynolds^ of Ketley, in Shropfhire, was the 
firft who contrived and executed an inclined plane (which 
was completed in 178S) for the paflage of boats and their 
cargoes, which was found fully to anfwer, and continued in 
pradlical ufe. Mr. Thomas Telford has thus deferibed the 
fame, in PlymleyU Agricultural Report of Shropfhire, 
p. 291. Mr. Reynolds “ having occafion to improve the 
mode of conveying iron-ftonc and coals from the neighbour- 
hood of the Oaken -gates to the iron- works at Ketley, thefe 
materials lying generally at the diftance of about a inilc and 
a half from the iron-works, and at 73 feet above their level, 
he made a navigable canal,’* caMcd the Ketley canal, and in- 
ftcad of defeending in the ufiial way, by lock, continued to 
bring the canal forward to an abrupt part of the bank, the 
ikirts of which terminated on a level with the iron-works. 
At the top of this bank he built a fraall lock, smd from the 
bottom of the lock, and down the face of the bankf be con- 
ftruded an inclined plane% with a double iron rail-way • He 
then ercAcd an upright frame of timber, ih which^ acrofs 
the lock, was fixed a Targe wooden barrel ; round this barrel 
a rope was pafled, and was fixed to a moveable feame ; this 
lad frame was formed of a fizc fufficient to reccKc a canal 
boat thefe boats were 20 feet in length, 6 feft 4 inches 
wide, 3 feet 10 inches deep, and each carrying 8 tons 5 ‘‘ and 
the bottom upon which the boat refted was pirfcrvcd in 
nearly an horizontal pofition, by having two large wheels 
before and two fmall ones behind, varying as much in the 
diameters as the inclined plane varied from an horizontal 
plane. This frame was placed in the lock, the loaded boat 
was alfo brought from the upper canal into the lock, the 
lock-gates were ftiut, and on the water being drawn fiotn 
the lock into a fide-pond, the boat fettled upon the hon- 
zontal v/ooden frame, and as the bottom of the lock was 
formed with nearly the fame declivity as the inclined plane, 
upon the lower gates being opened, the frame with the boat 
pafled down the iron rail way on the inclined plaw into the 
lower canal, which had been formed on a level the 
Ketley iron-evorks, being a fall of 73 feet. Very httle wa- 
ter was required to perform this operation, becauic the lock 
was formed of no greater depth than the €*- 

cept the addition of fuch a declivity as was fufficient for the 
loaded boat to move out of the lock) and in dry fcafons, by 
the affiftanceof a fmall fleam engine, the whole of the water 
drawn off from the lock was returned into the upper canal, 
by means of a fhort pump. A double mil-way having been 
laid upon the inclined plane, the loaded boat in paffiiig down 
b»-ought up another boat, containing a load nearly equal to 


one-third part of that which paffed down. The velocities 
of the boats were regulated by a brake a£ling upon a large 
wheel, placed upon the axis, on which the ropes conncAed 
with the carriage were coiled.” It appears that this plane has 
an inclination of about 22^, except near the extremities, 
where it diminidics to about ; and that about 400 tons 
of coals ufually defeend thereon daily. In 1 789 a copper me- 
dal, or halfpenny, having a reprefentation of this plane on 
one fide, and of the caS-iron bridge at Coalbrook-dale on 
the other, was flruck, and iffued by the Coalbrook-dale 
company. Since the pradticability of inclined planes has 
been eftablifhed, by the fuccefs of the Ketley plane, but 
few a^s have been paffed for new canals, without a claufe 
authorizing the company to eredt inclined planes, tnllead of 
locks, if they ihould be found mod advifable. Before pro- 
ceeding to mention the inclined planes of different conftnic- 
tions, which have been fince made or propofed, we fhall 
notice the under-ground plane at Walkdcn Moor, which 
was completed in Odlobcr 1797, upon BridgewatePs 
it being (o fimilar to the Kc tley plane above deferibed. 

The JDuke of Bridgenvater^ in the year X 800, caufed an 
account to be prefented to the Society of Arts, in the Adcl- 
phi, London, of the inclined plane which he had ercdlcd 
and brought into ufe, under the dircdlion of his agent, Mr. 
Benjamin Sothern^ between two different levels of his tunnels 
or fubterrancous canals from Worfley near Manchefter ; for 
which the Society voted his grace their gold medal, and 
publifhed plans and feflions, and an account thereof, in 
their i8th volume of TranfaQions ; to which we refer, only 
mentioning, that this plane, which is 35^ yards high, and 
151 yards long, through an inclining tunnel hewn in the 
folid rock, at near 60 vards below the Turfacc of the ground, 
difters from the Ketley plane, in having, upon about 57 
yards of the lower end of the plane, a linglc rail- way only, 
to or from which the two rail-ways above join by cafy 
curves, to proceed up to the locks by one rail- way, or down 
by the other. A winch and pinion arc provided, to be oc- 
cafionally worked by two men, into cogs in the large brake 
wheel, tor Petting the boats in motion. Rollers arc placed 
between the iron rails, for the flack part of the great ropes 
1 to run upon, and for further preventing the wear of thefo 
ropes, they are lapped round with a fmall cord. About 12 
tons of coals are let down in each boat, and a boat and 
cradle on which it runs, weigh about 9 tons more. About 
16 minutes is confumed in palling a pair of boats r the boat* 
cradles are 30 feet long and 7 1 feet wide, moving on 4 
: iron rollers. A fmall bell gives notice from the bottom to 
[ the top of the plane, when the boats arc placed on the 
cradles, and the machine ready to work. The water of the 
r locks is let down by a paddle, through a perpendicular 
i lhaft, to the middle canal, and afts as a watcr-bcllows to 
. force frclh air down into the cxtcnfive tunnels and works 
\ that are on the lower ItveL The upper g^lcs of the locks 
, turn in hollow grooves like a common lock, but the lower 
; gates draw up in grooves, by means of windlaffes, to let the 
r boats pafs out or in when the water is let off. 

Mr. IVilliam Reynolds has the honour of introducing ano- 
• tlicr fort of inclined planes, on the Shropfhire canal, where 
: there arc three planes in ufe of 120, ia6, and 207 feet nfes I 
. The aa for this cauul paffed in 1788, and it was complrtcd, 

- under the direfti in of Mr.* Henry WilFusmst as refident 
r engineer, and opened in 1793 * Thefe planes are upon the 
r fame copftruftion as thofc at Ketley, except that there arc 
, no locks at the top of the defeending planes, but the lame 
\ arc continued above the furfacc of iiic water in the upper 
i canal, and terminate in a crofs beam, from which another 
> plane and rail-way defeend into the upper canal : this is for 
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avoiding the wafle of water which locks at the top of the 
planes occafion. A fmall fteam engine is ufed for working 
the axis of the rope barrel, at fomc diftance from which, on 
the upper fide, there is a. large pulley or wheel, fixed at a 
proper height, for the great rope to pafs over, to draw the 
boats up or let them down the long defeending plane ; ano- 
ther fmaller axis and rope barrel are provided, which pan, like 
the larger one, be call in or out of the engine* geer at plea- 
fure ; this laft is ufed for hauling the boats up the fhort 
afeending plane, from the upper canal. The engine can 
alfo be ufed to draw empty boats occafionally up the long 
plane, in cafe fuch want to pafs, when there are no loaded 
ones ready to defeend, and draw them up, as we have be- 
fore deferibed. The wheels or rollers under the cradles 
appear on thefe planes to be equal in diameter, and not of 
dinerent fizes, fo as to bring the two ends of the boat to a 
level, as on the Ketley ; they do not, therefore, appear 
applicable to very fteep planes or to long boats. On the 
windmill plane, which is 600 vards in length, and 126 feet 
rife, fix boats have been palTed down, and fix taken up within 
the hour, the fteam-engine and three men only being 
employed : the boats here are of the fame length and breadth 
as on the Ketley^ but (hallower, fo as to carry but five tons $ 
and fuch boats are faid to be paiTcd down thefe planes for 
three pence each, and the empty boat taken up gratis. At 
Wombridge on the Shrewjkury canal, Mr. Thomas Telford 
has fince ere£^ed a planC) 223 yards in length, and ^5 fc^ct 
rife, exadly on the lame conftrudion as the above, ot which 
an account, with plans and fe6\ions, may be fecn in Plym- 
Iey*s Report, p. 204. 

On the i8th of June, Mr. Jojhua Green took out a 
patent for the ufe of double inclined planes and rail-ways, on 
which cradles for the boats are to be ufed, confining of a frame 
of wood, and the bottom corded by ftrong ropes acrofs each 
other like the common bedfieads, that the boat may not be 
ftrained ; in order to introduce wheels of four feet diameter 
for the cradle to move upon, a ilrong fiame is to furround 
the cradle, and be firmly bolted to it, but leaving an inter- 
val fuificient for the four or more wheels to move between 
it and the cradle, by which the axles can be fixed to tlie 
wheels, and work in gudgeons at each end, with lefs fridion 
than common wheels or rollers. To his brake-wheel hand- 
fpokes are adapted, for men to aflift in fetting the machine 
in motion, inftead of a winch as before deferibed on Bt ul^s* 
waier*% ; the ropes are to be capable of adjuiling to the pro- 
per length as they ftretch or contrad, by a ferew or other- 
wife. A third inclined plane is dire^ed to be made, for 
the purpofe of carrying a counter weight or veiTcl, whofc 
rope is to pafs over another axis with a 'brake and Hand- 
fpoke wheel, for hauling the cradles and boats out of the 
upper level to the ridge or crofs beam, or to eafe them 
down into the fame. He recommends Tpare veflels laden 
wfth water to be in readinefs to pafs up or oown the oppofite 
plane, as a counterpoife to any fingle loaded boat that may 
arrive at the plane. Alfo that fingle planes, and with leis 
inclination, may in feme infiancet ^ aaopted. See Refer* 
V0I.V. p. 11. 

£arl Sianhofe^ in the year I7y3> in recommending the 
Bade and HaiberliighoAnVi propofed, between the difierent 
ponds or water-levels of the intended canal, to have iron 
raiWoads of gradual and eafy afcentt on which boats of two 
tons were to be ofed, fufperded between a pair of wheels of 
about 6 fe^ dtameter, and to be drawn up or let down the 
fame by a bnrfe, in order to be kunched in tbe upper or 
lower watcr-levd or canal. 

On the 8lh of May, 17949 Wr* Robert Fa/tom obtained a 
patent for the ufe of a dc^ble incUntd plane« whereon 


cradles having cifierns or caiflbns under them, no ways dif- 
ferent from Mr. Leacl/s above* deferibed, except that the 
boats were iu feme cafes to be taken on to the cradles fde-- 
ways inllcad of length -ways; this was propofed to be ac- 
complifhed by fhort inclined plane*^, on which the boats, 
upon wheeled carriages, w'cre to be dnigged out of the upper 
and lower canals by means of ropes working on the axles of 
water-wheels ; a brake is to be ufed for regulating the mo- 
tion of the boats and cillerns, when brought nearly to an 
equilibrium by the valves ; brace-blocks, or pulleys, lo be 
ufed for fliortening or lengthening the large ropes when 
nccefTary. See Repertory^ vol. vii, p. 222. 

Mr. William Chapman j at page 85, of his Ohfervationg, 
which were written principally in anfwcr to Mr. Fulton*8 
treatife, fuggelts this Jide-way motion of boats on inclined 
planes, as before-mentioned, not knowing, as we appre- 
hend, of Mr. /V/ow’s patent above-mentioned, becaufe 
it was not publiihed till 1797; indeed fingular, 

that Mr. F, fhould. in 179.5, have written 144 quarto 
pages on the fubjeft of canals, and not once have given 
a hint of his having taken out a patent in the year before 
for feme of the principles tlicrein explained, and fo highly 
recommended; nor docs his long letter in the Star News- 
paper of the 30th of July 179.5, announcing this work 
being in the printer’s hands, make the leaf! reference to his 
atent. The Board of Agriculture mu ft, we are confident, 
avc been equally in the dark, in March 1796, or they 
would r.ol have given Mr. R, the opportunity of puffing into 
notice, a fubjc£t wherein he was a patentee through their 
means. Wc beg here to remark, that our duty, in treating 
this part of our fuhjt£l, feems to require the mention of all 
the inventions and methods which have come to our know- 
ledge ; and though we ftiould have more pleafurc in making 
known the inventions of thofc who lay the fame at once 
open to the community, yet, as all of tht^fc will be fo in a 
few years, wc have not thought it right to exclude or be 
lefs particular in the mention of, inventions or contrivances 
fo circumftanced : but to ^ive the dates of fuch patents 
wherever we could, that their termination (at the end of 14 
years) may be known. 

Mr. Robert Fulton, in his 4to. work, entitled a Treatife 
on the improvement of Canal Navigation,” publiihed in 
London in 179^9 with many plates, has propofed the 
ufe of narrow canals and inclined planes, on which fmall 
and fhtdlow i*e6laiigular boats are to be ufed, having low 
wheels, or rather trucks fixed underneath their bottoms; 
he propofes to have on his double inclined planes, an 
cndlcfs chain pafling up the track of one plane and dotvn 
the other, round or over wheels that arc of the proper fize 
and fixed in proper places and dire£lions at top and bottom 
of the planes to fuit the fwag or curvature of the leading 
chain ; thefe are made to revolve at pleafnre, with power 
fufificient to drag a loaded boat up one of the planes, (by 
means of a ihort double chain belonging to the Doat which 
is to be hooked into, and will at the proper time difeharge 
itfclf from the leading chain), by means of toothed geer 
attached to the upper wheel, on which there are finbs to 
prevent the chain from (lipping; which connect with a 
water-tub defeending in a perpendicular (haft, difeharging 
kfelf at bottom by means of a valve, and returning again 
to the top, when caR out of geer, by means of its counter 
weight, balance-chains, and fly, reaoy to be again charged 
with water from the upper canal. The motion of the whole 
is regulated by a pair of fanners or an expanding fly ; a 
fmaller axle and cog-wheel are provhled, working into the 
tub-fbaft geer, when neceflary to draw the boats up a (hort 
plane that defeends into the upper canal, on to a bridge or 
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ciTTN'iug top wltich unices the two planes, a ftop being pro* 
vided to retain the boat in itn proper polition, while this 
lail chain in clifcharged, and the boat-chains are hooked 
into the leading chains as before mentioned. When a de- 
iceiiding boat happens ready to draw another up, or a fingle 
one rtquiies to be let down, the tub geer is to be call olF after 
the boat has been dragjjred on to the bridge thereby, and 
the fanners are to be trullcd to for eafmg it down. Mr. 
iVjapman^ who reviews this fylleiii, justly objects to the 
finallnefs of the boat-wheels, and recommends that larger 
ones (hould be ufed in a water tight cafe or groove in the 
floor of the boat. Owing to the endlefs chain, Mr. Fulton 
fays, that during part of the defeent of a boat, the power 
thereby acquired may draw another boat out of the upper ca- 
nal on to tlie bridge ; and ^ boat may in fame cales be kept 
re..Jy in that fituation to begin the v/ork ; or, he propofes 
a common windlafs tooth and pinion to be ufed for that pur- 
pofe. For protecting delicate goods in his boats, he pro- 
pofes a frame above the boat tor fupporting the leading 
chains ; and for iransfcrring light timber that is too long 
for his boats, he propofes rafts to be made with a carriage 
under them, having wheels like thofe of his boats, by which 
thefe rafts are to be conveyed on the inclined planes. A 
totally dtfeeuding trade will not require the tub-lhaft, tub or 
its geer ; and the fame may be added without interrupting the 
trade, when at any future time it ftiall bccomean alternate one. 

Mr. Fidton next deferibes (page 71.) his Angle inclined 
plane for great heights ; here, his wheel-boats are to afeend 
and defeend on the fame raibw'ay on his plane ; the leading 
chain winds round a barrel or drum, that can, by means of 
geer that calls in and out, he moved with two diflerent 
powers and velocities, by a water-tub working another bar- 
rel at the head of an upright fliaft as before defertbed ; or 
the tub-lhaft geer can be entirely call off, for the tub to 
afeend, or for a boat to defeend on the long plane, regu- 
lated by a brake or fanner as before mentioned. Mr. Fulton 
propofes his leading-chain, wheel or barrel, to be placed 
over the bridge between the upper and lower planes, and 
with a roll or fmall drum below it, that the leading chain 
hooked to one end of the boat may drag it oOt of the 
upper canal on to the bridge, and lower it do^'n from 
thence without unhooking, and the fame in afeending. Mr. 
Fulton fat page 76.) propofes for fmalier rifes, Inftcad of a 
tub*{haft, tub or its geer, to crcCl an overlhot watcr-w'hecl, 
to be fupplied from the upper level, with proper geer, and a 
drum for one end ot a chain to wind round, the other, after 
pafling over two pulleys at the head of a plane, (one pulley 
would anfwer better, by placing the water-wheel or its drum 
oblique to fuit the fame) to be hooked to the ftern of the 
lafl: of three or more boats that arc to afeend, each of the 
boats before it being in like manner hooked b^ their own 
chains to the leading chain, according to the weight of the 
boats, and the power of the water-wheel ; when water is let 
on to the wheel, thefe are to be dragged up, and difeharge 
thcmfelves one by one, and Aide down into the upper canal ; 
boats are to be dragged up, Angle or more than one, out of 
the upper canal on to the bridge, and when they begin to 
reponderate towards the defeending plane, the water is to 
c flopped from the wheel, which is to be allowed to turn 
backwards, and a£l as a fly or rcgulatdr to the velocity of 
the boats in their dtfeent. The water-wheel will not often 
admit of being fupplied from the lower level, as Mr. Fulton 
has fuggefted, on account of the great expence or the im- 
pra^cability of a drain or fough to difeharge its water ; the 
ume dilBculttet, as Mr. Chufman has obfervtd, attend fevc- 
ral of the tub^fliafu which Mr. FulUm has propofed, for the 
perpendicular lift of boats from one level of a canal to ano* 
iher^ of which we Aall treat hereafter. At page 371 and 


fig. D, in his 5th plate, Mr. Fulton has recommended h» 
w'heel-boats, to be ufed, on a Angle afeending plane to a 
coal-pit mouth, to be drawn up the fame by a ^ain winding 
on a drum, worked by the mine-engine, and lowered down 
the fame by means of a brake attached to the drum. 

On ihe 2d of Auguil i7y^» Mr. John Luke took out a 
patent for an inclined plane, on which boats in a cradle arc 
to be drawn up, by the del’cent of a water-tun on another 
plane, aflillcd by a water-wheel in certain parts of its mo- 
tion, or in fcarcity of water, by a hand winch. f>ee Months 
ly Maga%ine, vol. ii. page 6 ^j, 

Mr. IVillinm Chapman lecotnmcnds an improved kind of 
inclined plane in Ins Oh/crvations^ See. of which he has given 
an account at page t/)., “ by making the dtfeending and af* 
cending way continuous, like Mr. Fulton*^ ; and having a 
lock at the head of the defeending way, long enough to 
contain a feparatc carriage for three or four boats (or fo 
many as foim what has been called a conjoiiud boat). 
Thtfc boats, on defeending, would draw another gang light, 
or half loaded upwards, over the top of the ridge, no lock 
being leqinfiie on that fide. The chief objcdlions to this, 
lie in the vail weight of a gaug of boats, which, in a lleep 
angle of defeent, would require a very heavy rope, and in 
the dilRcuity of rtlurning the carriages to their proper place. 
The latter may be got over by keeping the two ways at a 
little dillance, and joining them above and btlow by a ftmi- 
circular rail-way for the carriages ; coupled to each other 
(in fuch a way as to fuit the dilFcrent boats that arc to reft 
upon them, and yet admit of the nectflary extenfion, when 
the boat came over the concave part of the inclined plane, 
which may be alTci^edby a w'orm fpring) to run along under 
water, after they have parted with their veflels. Both in 
th's and the method lafl dcfcribed, the water contained in 
the lock may be drawn off into a refervoir, at the head of 
the inclined plane ; in this refervoir, or a pond communica- 
ting with it, may be fixed a broad underfhot water-wheel 
between the two rail- ways, to retard^ the motion of the de- 
feending boats and throw back the water. This wheel may 
run in a clofe cafe, and be divided round its periphery \y 
different fhroud boards, forming fo many wheels that one or 
more portions of its width may be employed at the fame time 
in throwing up water according to the ncceffity of the cafe, 
to be determined by the velocity of the defeending boats, 
which by means of a centrifugal regulator'* (the flying-balls 
or governor ufed in Bolton's engines, w'indmills, and other 
machines,) “ will open one or more of the penflucks to let 
water below the wheel, or (hut them all as occafion may re- 
quire. The refervoir under the wheel (hould of courfe never 
be exhaufled, hut when drawn down to a certain extent 
(hould by a floating weight or any other method let 
in water from the head canal. Thtfe means will anfwer 
for a defeending trade, and if the afeending trade be more 
that the other can dnw up and water be deficient, rccoui*fc 
may be had to a fleam-engine." 

We have thought, that a different kipd of lock at the top 
of an inclined plane might be ufed with advantage, com* 
pofed of a rectangular box, water-tight, except one end, 
which (hould be open, and having wheels under it of difilr* 
ent heights, fo as to fiipport it upon the plane in an hori- 
zontal pofltion, its fixe being juil fufficient for a boat to 
float into it. The end of the upper canal (houki terminate 
in a Angle lock-gate, the outfide border or edges of which 
(houldi be leathered, or covered with lift ; fo that when the 
carriage or cradle above deferibed is drawn up to the top of 
the plane, its open end (hould fix itfelf agatnft the lock-gate 
opening, in a v ater-tight maimer, by means of wedges or 
ferews prepared for the purpofe ot confining it ; a fmall 
Ihuttle m the lock-gate might then be opened to admit 
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water to fill the cradle, making it adl as the chamber of a 
lock ; the lock-gate being opened, a boat might enter the 
cradle, from which it would expel great part of the water 
into the upper canal again, if the boat and cradle were mcfly* 
adapted to each other ; the lock-gate and fhuttle'(I)ould be 
again (hut, when the wa^er might be drawn off into a eiftern, 
(to be returned if neceffary by a water- wheel or any of the 
methods before mentioned), the cradle be unfaftened from 
the lock, and be let down the plane by any of the re- 
gulators before propofed. For pafiing the boat out of this 
cradle at the bottom of the plane, the back or other end of 
the cradle might open, or, perhaps a better method would 
be to continue the plane deep enough into the lower canal, 
that the cradle, which ihould in this cafe be heavy enough 
to fink in water, might defeend low enough for the boat to 
float out or in, over its end ; fide rails fhould, in this cafe, iland 
up from the cradle, to Ihcw its place when under water, and 
for guiding and fixing the boat over it, with liberty to fink 
into the cradle, as it is drawn up the plane to the furface of 
the water. 

Mr. Chapman informs us (page 7.), that for avoiding the 
friftion of the gudgeons of rollers, when charged with the 
weight of a loaded boat on an inclined plane, Earl Stanhope 
has propofed, that rollers between the boat’s bottom and a 
fmooth plane fhould be ufed, moving or rolling with the 
boat, for half the boat’s length ; the rollers then to return to 
their places by means of weights afting over pulleys, and 
connefted by a chain to the ends of each roller. Mr. Fulton^ 
he fays, propofes to ufe moving rollers, attached to, or going 
under and through the cradle that contains the boat, the 
gudgeons at the ends of the fevcral rollers being paffed 
through the links of an cndlcfs chain or collar, by which the 
rollers are returned in a cavity under the boat, that is reding 
in the cradle ; this cndlefs chain of moveable rollers for 
leffening of friction, appears to be claimed as part of G 
Echardt\ patent of the jift of January, 1795, for various 
machinery: fee Repertory^ vol. ii. p. ,365. 

The principles of fetting out canals, where inclined planes 
arc to be ufed, arc limilar to thoL' we have explained, in 
recommending fevcral locks to be brought together to form 
a fet of fuch, or a confiderable fall in one place ; it will, 
however, be neceffary, in deteimining the place for an 
inclined plane, to choofc ground which dopes as regularly 
as poffjblc between the intended upper and lower levels ; 
if any part of the gif>und for the intended plane is ^ringy 
and difpofed to flip, the fprings muft be cut off by effcdual 
and durable iinder-di-ains. It will be better fo to contrive 
the plane, if pradlicable, that little, if any, filling up of 
hollows fliall be neceffary in forming the plane, to avoid 
new made ground, W'hich on a confiderable declivity would 
perhaps flip, after heavy rains had faturated it with water; 
the foundations for the Hones or bearers muft alfo be carried 
through fuch new made ground, and into the firm-lluft. The 
iluff which is removed in forming an inclined plane, fliould 
be carefully levelled, or difpofed of in holes, fo as not to form 
Jpoil-banks, and be ccvcrcd with the lop foil previoufly 
taken from thofe places. In cafe a perpendicular lhaft and 
lough tlicrcto is wanted at the head of the plane, the 
knowledge of the Jlraiaf or matter which compofe the hill, 
may be of confiderable importance, in determining the beft 
place for the mouth of the fough ; which may not always 
be the ntareft point at the proper level, to the intended 
lhaft, if the Jlratu or mcafurts of the hill arc various and 
dip confiderably. The plane being formed of a fufficient 
width on the ground, a ftrong framing of timber braced 
acrofs may be ufed, if good and durable hewn Hone is not in 
plenty, fixed firmly down to a fufficient number of piles 
drove iuto the ground, the inteifticcs between the framing 


being filled with good rubble ftone, or gravel rammed very 
tight down. On thefe frames two or four fils or rails of 
found oak, according as the plane is to be fiuglc or double, 
fhould be laid parallel and at the proper diftanccs from each 
other, and firmly bolted down ; and on thefe the flips or 
ribs of iron arc to be evenly and fmoothly fixed, for the 
wheels of the boat, or boat-cradle to run upon, and upon 
which they are to be confined from getting off fideways, by 
a rib ftanding up for that purpofe, cither lipon the wheels or 
on the rails, if good ftone is in plenty, it wnll be proper 
to cover the whole of the plane with aihler or w»ell jointed' 
ftones, taking care that the courfes acrofs the plane at proper 
intervals are formed of large ftones let fome diftance into 
and finnly bedded in the ground ; and to thefe the caft-iron 
rails (that are ufed on good and durable planes) may be 
fallencd by pins caft into a liole with lead. Or, if wooden 
rails arc to be ufed inllead of caft-iron ones, ftrong fleepers 
of wood fhould be worked into the paving of the plane af 
proper inter\'als, on which to bolt and fallen down the rails. 
Care fhould be taken, in all works of this kind, where large 
or hewn ftones are ufed, to let no part of the mortices or holes • 
which arc cut in fuch ftones remain open or unfilled with 
lead or cement, to prevent the rain filling them with water, 
which would in winter time expand with the froft, and in moft 
inftances fplit the ftone. It is unneceflary for us to point 
out to experienced engineers, the great care and precaution 
which ought to be uftd in works of this nature, to make 
every thing fubftantial and more than fufficient to fuftain the 
weight or drain to which it will be fubjeAed, and which 
ought in moft cafes, particularly the moving parts, to be. 
previoufly calculated, and before the apparatus is put toge- 
ther for aAual ufe, every rope, chain, framing, wheel, &c. 
&c. fhould be fubjeAcd to a greater ftrain than can oc- 
cur in pradticc, to avoid the unpleafant, and perhaps 
fatid accidents, which might otherwife happen, by which a 
prejudice might at the onlet be excited agaiufl the fcl.eme, 
10 powerful as to caufe it to be laid afidc without proper trial. 
It would much exceed our limits to enter fully into 
this fubjcA, we fhail therefore proceed to thofe other con- 
trivances for overcoming afeeut on canals, where boats have 
been lifted out of the water, or propofed foto be, by a perpen- 
dicular afeent ; after which, there will fhll remain to aeferibe 
thofe methods which require the fhifting of the cargoes ot 
boats into other boats, or to rail-way waggons, &c. ; firft 
mentioning that on the Shreujhury canal, an inclined plane 
is ufed for pafiing the boats over part of the afeent, wliilc 
locks are ufed for the other parts ; and Mr. WiWiam ChaJ^ 
matif at pages 54 and 99 of his Oh/ervaiions^ &c. recommends 
whenever coals in large quantities, lime, lime-ftone, or other 
minerals, are to be convc.ycd along canals, or arc brought 
in by branch canals on a fmall fcalc, there being a fcarcity of 
water which refervoirs cannot remedy, where it can be done 
in fetting out the canal, in addition to the locks, to 
overlap the levels in a ftcep place, and communicate then, 
by an inclined plane for boats (or a double rail-way for tram- 
waggons) leaving the lock communication to anfwcr all the 
general purpofes of commerce. The fame author obfervts, 
that the porterage of articles from one Ic^cl to aiiotlur, and 
carriage of the boat itfelf is ftill praAifed in various parts of 
North America, as the falls of the Mohawk, from the Mo- 
hawk to Wood Creek, at the fails of Orandaga, &c, ; alfo al 
ftveral places called Tarbets, in the Highlands of Scotland, 
as in Caniyre, Loch Lomond, Arrachar and Long, Jura, 
&c. Among the principal inclined planes for boats, arc thole 
of Hay, Windmill-hill, and Wrockardine-wood on the Shrep* 
Jbire canal, Walkden Moor on BrldgenvcUeri* ^ Kctley uu 
the Ketiey^ Wormbridge on the Shn^wfltury^ dec. 

On the 8th of May, 1794, Mr. Robert FuUon took out a 
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pate!»t, as bcforti-meiitioned, in which he deferibea (fee Re* 
fertoryt vol. vii. p. 227.) either a rc^SlanjTular upright notch 
111 the ilcep face of a hill, to the top and bottom of which the 
two levels of a canal arc brought, or a large perpendicular 
fliaft and tunnel at the bottom for the lower canal, through 
which notch or fliaft boats are to be drawn up or let down, in a 
pair of water-tight cradles, fufpended at the two ends of flrong 
ropes of chains, that arc to pafs over pulleys fixed above the 
topof the (haft, and connecting with a brake-lever or wheel, to 
regulate the defeent of a boat in one cradle, and afeent of an- 
other in the other, after they have been brought to an equili- 
brium by the letting out or in of water by proper valves. The 
boats arc to be drawn into and out of the cradles, by (hort in- 
clined planes, in the upper and lower canal, on which the boats 
on wheeled carriages arc to be drawn by ropes winding on the 
axis of water-wheels, to be turned by water let out of the 
upper canal thereon ; brace-blocks are to be ufed for adjufling 
the length of the great rope, and capflans maybe ufedinftcad 
of water-wheels, for pafling the boats on and off the ci*adles. 
Mr. Fulton^ in plates 1 c and 12 of his “ Treatil'e on Canal 
Navigation,*' and his defenptious thereof (pages 97 and loo) 
has more fully deferibed this method ; and propofes fora dc- 
feending trade, that the full boats fliould draw up the empty 
ones, and inftead of inclined planes for getting the boats on 
to the cradles, a cage of iron fhould be ufed, into which the 
boats on the lower canal can be floated ; and for difcharging 
them into the upper canal, he propofes two lock-carriages, 
or large water-tight boxes open at one end, moving on iron 
rail-ways, and wdiich can be advanced by racks and pinions 
over the (hafts, while the boat is fufpended high enough to 
clear its bottom ; the open end of this lock-carriage is made to 
fit, and be retained againft the frame of a lock-gate at the 
end of the upper canal, (as in Dr. AmlerfotCt and FuJfeWs 
methods, and the water-tight cradle which we have lately 
mentioned), when the water being admitted by a valve, to 
float the boat in the lock-carriage, to the level of the upper 
canal, the lock or draw-gate thereof is to be opened, and the 
boat floated out of the cage to proceed on the upper canal ; 
to the pulleys or drum-wheel over which the chains a£l, a fly 
or fanners is propofed to be c<?nncded to regulate tlic mo- 
tion ; as alfo an axis with cranks to work pumps, by which 
the water that is drawn off again from the lock-carringe into 
a fide refervoir may be pumped up again into the upper 
canal, that no water may be loft. For an alternate trade, 
to which it may be at firft adapted, or the iicceflairy parts ap- 
plied afterwards, an additional (haft mull be funk, in which 
a water-tub is to be rufpended, inftead of another cage and 
boat, as a preponderating weight ; this is to be filled out of 
the water referved in a cifternthatis drawn out of the flidaig 
lock- carriage. 

Hit, Robert Fulton (fee his Obfervations," p. 94. and 
plates 9 and 10.), particularly deferibes a fpecits of Cranes, by 
which boats are intended to be drawn up, in an iron cage, 
through an upright notch or (haft, and by the motion of the 
jibs, arc to be moved over the upper canal and lowered down 
to float thereon, or the reverfe in defending ; for this pur- 
pofe a perpendicular notch or (haft for the boats, and an- 
other for a water-tub, as a counter-aAing and motive force, 
is to be provided $ a refervoir is to be formed by the fide ofy 
and about 8 feet from the bottom of the tub (haft, into which 
the water difeharged from the tub, when at top, can be con- 
veyed by a proper valve and fpout ; provifion is to be made, 
by valves and fpouts, for filling the tub from the upper or 
lower level of the canal, as occalTon may require 5 and a valve 
ks to be provided, opening by a pin in its bottom, for difeharg- 
mg the water when it refts on the bottom of the tub-(haft ; 
over the tub-(haft a drum is to be fixed, for the tub-cbaini 


and crane-chains to wind round, and to this drum a fly or 
fanner is to connei^l by toothed wheels and axles, to regulate 
the velocity of the motion. The crane-chains are to he 
double, and proceed to two fcpnrate jibs fixed on centres, at 
proper dirtances from each other, having the ends of their 
jibs conncdlcd by a coupling-rod of the fame length, by 
which they will always move parall.:!, and fuit the diftance of 
the hooks on the top of the iron bo?,t-cagr». For railing a 
boat out of the upper canal, the (time being floated on to 
the cage fufpended from the cranes or jibs, and the water- 
tub (to which balance-chains are to be adapted! being near 
the bottom, water is to be drawn, by a valve and (pout, out of 
the refervoir into the tub, till it preponderates end draws the 
cage and boat out of the upper pound ; the jib is then to be 
moved over the boat-fliaft, and the water emptied from the 
tub by fuffering it to defeend a little farther and ftiike the 
bottom, when the boat will be lowered eafily, by means of 
the fly, to the lower canal, where it can bt floated out of the 
cage ; and the reverfe on afeending. If water is very fcarcc 
in the upper canal, and a fough or tunnel can readily be 
driven, for emptying the tub-fhaft, the fame may be made 
deep enough to draw water from the lower inftead of the 
upper canal, for the preponderating power. We have not 
heard that any of thefe perpendicular lifts for boats have 
been executed, we (hall thereffi-e proceed to the other kinds 
of cranes and perpendicular lifts for the cargoes of boats. 

Mr. Bridge^ 01 Tewklbury, about the year 1 759, con- 
trived, for the navigation on Stroudwater river, a» kind of 
cranes, with double jibs, that could be either ufed fu gly or 
together, and a£l as a balance to each other ; thefe were 
creAed on a ftrong walled bank, that feparattd the upper 
and lower levels ot the river at the fcvcral mills. The boats 
to be ufed on each different level, or mill-ftream and dam* 
were all of one fize, and made exa£lly to fuit and contain a 
certain number of ftrong wooden boxes, without any loft 
fpace. The goods or lading of the boats were placed in 
thefe boxes, and when they arrived at the firft crane, one 
end of the chain thereof was hooked to a box, while the 
other was hooked to a fimilarbox of goods in the other level, 
and by a peculiar ftru6turc of the crane, worked by two men 
at windlaffcs, both boxes were drawn up and fufpended, 
fomewhat higher than the bank of the upper canal, when the 
jibs were turned half round, and the boxes of goods were 
lowered down and replaced each other in the ooats ; the 
fame operation was repeated with each of the remaining 
boxes, when each boat was ready to proceed with its new 
lading upon its own level to the next cranes. It can hardly 
be neceflary to add, that the cxpcncc and delay of this 
method caufed it to be foon laid aude. 

Mr. Edmund Leachy in his treatife before quoted, propofes 
boats to be unladen and laden with boxes of goods as above, 
but to work the cranes by watcr-whecis, or by wheels for 
men to walk in. 

The duie of Brtd^ewater\ tunnel from his canal into the 
coal-works at Worrfey, after it had proceeded for a great 
way ftraight into the hill, came at a great depth to be under 
a (luall brook or conftant dream ot water, by the fide of 
which a large water-(haft was funk, and a drum and large 
brake-wheel ere6lcd over it, of fufficient fize tuat a man who 
ftands before the lever thereof has his two ha.ids at liberty 
to pull the lines which connefl with the valves, and give fig- 
nals to thofe below, while by lunging, or ftepping forwartu, 
with hjs bread againft the lever, he can in an inftant Hop the 
machinery in any part of its motion, or regulate the &me at 
pleafure. There are two water tubs, which are very large 
and have a valve and pin to empty themfelves quickly when 
they arrive at the bottom ; they are fufpended by large ropes 
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or cablet from the drumt while other lar^e ropes defcend 
therefrom through another, or coaUfhaft, by the fide of the 
middle or principal tunnel, into and over the unvigable tun- 
nel, which there is at, we believe, 6 o yards lower level. On 
this lowed canal boats arc ufed, fimilar in their dimenfions 
to thofe above, and containing boxes, which bdng filled with 
coals at the fevcral terminations of this canal, in the fcams 
of coals ; the boats are puflied along by means of rings tliat 
arc fixed all along the roof of the tiirsnel, at the proper height 
for a man, who walks on the top of the coals, to 
lay hold of, and fiiove the boat along by. The boat being 
arrived under the coal-fhaft, and one of the water-tubs being 
at the top of its (liaft, the coal-rope anfwering thereto ia 
hooked on to the box of coals, and the defccnc of the water- 
tub, immediately on the ringing of a btll, draws up lljcfame 
to the level of the principal canal, where being drawn alide 
over an empty boat, it is lowered into the fame by a flight 
reverfion of the motion of the machine ; when tlie interval of 
emptying the tub at the bottom by its valve, gives time for 
hooking another box to the otlier rope which is at the bot- 
tom, when the other water tub is filled, and the machine 
fiiffercd to move, by the man who leans againfl the brake. 
This very complete and economic machine was contrived and 
erccl:ecl by Mr. panics Brindley^ and it is fo conftrud^cd, 
that when coals are not drawing, the alternate defeent of the 
water-tubs Woik feme very large pumps, which are fuflicient 
to lift all the mine-water of the lower level into the middle 
canal and keep the lower canal always at the proper height 
for navigation. 

The fame tunnel of Bridgewater s canal being continued 
a great way further into Woiflcy hill, till under Waikdtn 
moor, another fubterraneoui canal or tunnel there btgins, at 
35I yards higher level, this lad being near 60 yards from the 
furfacc ; from the furface two (hafts were funk, one termi- 
nating in and over the upper tunnel or canal, and the other 
in and over the middle or principal canal ; there is another 
canal dill lower, which we have b*v.en lad fpeaking of, after 
palling clofe by the canal above : between tbefe fliafis a large 
drum was crewed on the furface, with a brake wheel and a 
pair of drong ropes. Two boats being arrived at the (hafts 
on the upper canal, one of them loaded with boxes of lime- 
done, that was wanted at the furface, and another with 
boxes of coals intended to be transferred into an empty boat 
in the middle canal ; the ends of the two ropes were falU ned 
to a box of coals and a box of lime-done, when the fiipcrior 
fizc and weight of the coal-boxes drew the lime-done to the 
furface, to be there landed and depofited, at the fame time 
that the box of coals was depofited in the lower boat, ready 
to proceed on the canal to Mancheder or other places. This 
method was in 1797 fiipcrdded by an inclined-plane for 
letting down the boats laden with coals, from the higher to 
the middle level, and returning the empty boats and boxes, 
ns we have before-mentioned. At Brier!y-hill, near Coal- 
brook-dalc, the extremity of a branch of the Shropfilre canal, 
great quantities of coal and iron in crates made of iron were 
Ut down one of two fliafts, which connected with the 
termination of the canal iibove and the ends of a rail- way in 
a tunnel below, from whiclr hme-done in fimilar crates was 
drawn up the other (haft to be placed in the boat ; a large 
barrel and brake-wheel were fixed between the tops of the 
fliafts, and cranes with jibs, by winch the crates could be 
raifed and moved from the boat over the (haft, or the reverfe; 
theft (liafta, which were 120 feet deep, were not found to 
anfwer, in point of expcncc, fo well as inclined planes, and 
Mr. Telford informs us [PlynJy^s Report^ p. 296 and ^07.) 
that inclined planes have been labftituted, on which crates of 
coal, or iron pigs, or goods, defcend and draw up other crates 


containing lime-flone, for the ufc of the iron-woiks above, 
by means of ropes, a drum, and brakc-vvhcel, with a much 
lefs portion of manual labour, and more expcdiiion, than was 
done by the fliafts above-mentioned. Near Lillifl'.all lime- 
works, on Dmmngton Wood canal, fimilar fliafts were oner 
ufed, but are now fuperfeded by an inclined pUnc. At 
Coombe-hay, on the Sonierfcljhtre Coal canal, after the trial 
of Mr. IVcldon^s diving caifTon, inclined planes fifi* defeend- 
ing boxes of coals were cre£led, and ufed for feme years; but 
the delay and expcnce were found fo great, that the company 
eiFedtcd the piirchafe of fomc mills, and under a new aCt of 
pailiamcnt, eredted 22 locks in place of thefe inclined planes. 
Having finiflied with the dilfoent kinds of inclined planes, 
and other ways of procuring the afeent of boats or their 
cargoes, we proceed to thofe wdiich are ufed for overcoming 
the principal or fudden afeents on rail-ways or tram-roads ; 
whereon w^aggons or trams arc ufed for the conveyance of 
goods, the (ame being drawn on the level parts or cafy af- 
eents or defeents by a hoife, as w'c fliall deferibe fiiortly. 

Mr. John Buddltf in the General Magazine for 1764, 
page 285, has given a view and defeription of the coal-wag- 
gon which had been then long in uie on the w^ooden rail- 
ways in the neighbourhood of Ncwxallle upon Tyne. This 
waggon moved on four wheels of call-iron, or of wood wuth 
iron rims, having an edge Handing up on the rim of each 
w'hecl, in order to guide and keep them upon the wooden 
rails. The waggon is in fliape of an inverted prifmoid, 
having a door or falic bottom hung with hinges and faflened 
by a hafp, that can be let go to let out the coals when the 
waggon has arrived on the (lailh, and over the fpout which 
is to convey the coals into the (hips or keels, or into a heap 
below as a (lore ; obliquely over one of the hind wheels a 
(Irong crooked lever of wood is fixed and fufptndcd, by a 
ftrap when not in adtion ; this lever, called a convoy, is in- 
tended to adl as a brake, by being let down upon the wheel 
when the w'aggon is defeending dow n an inclined-plane, or 
deep part of the rail-way called a run ; and on ihefe occa- 
fions the horfc is unharnefled from the front of the waggon 
and tied behind, and the waggon-man mounts allridc on the 
hinder end of the convoy, the fore-end being confined 
clofely in a ftaple in the fide of a waggon ; and, by means 
of a red that there is for his feet at the tail of the waggon, 
he applies j lid fo much of bis weight upon the convoy as will 
either dop the waggon or give it the proper velocity in every 
part of its defeent down the hill or run : fee the jlgrlctdtural 
Magazine^ vol. iii. p. 241. fn the year 1783, we remember 
feeing an inclined plant or waggon-way as above deferihed, 
on which the coal w'aggons dcfccndcd clown the hHl from 
Wibfey-flack to the town of Bradford, which is on a branch 
of the Leeds and J/tverpool canal, their velocity being regu- 
lated by convoys as above. But fome waggons which we 
have feen, had the convoy fixed to a moveable Joint at the 
front of the waggon, and had a large block of wood thereon, 
which, when the convoy was let down, wedged in between 
the fore and hind wdicels, and a6lcd mod fecuicly as a brake 
for dopping or regulating the velocity of defeent. The 
empty waggons were drawn up the hill again to the coal- 
pits by a horfe. 

An inclined plane for waggons, was creded fome years ago 
by Mr. Barnes, a coal viewer at Bywell, near the Tyne 
river, of which a defeription is given in the Jtgrkuliural 
Magazine, vol. iii. p. 367, as follows : “ It is a very iogc« 
nious, yet fimple combination of machinery, for the purpofe 
of regulating the conveyance of waggons laden with coals 
down an inclined plane, and for bringing the empty ones 
back again, by the fame power t^t refided its impetus in 
the deicent* The length of the rail-vi'ay in which the wag. 
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gon* rnn It about 864 yardti v^luch diAatice it defcendt in 
two minutet and an half| and re-afccnds in the fame fpace 
of time ; fo that the loaded waggon can be let down with 
cafe andlfafcty, the coal difeharged and the empty waggon 
returned to the pit within the compaft of feven minutes. 
The impelling and refiiUng power of motion are derived 
from a plummet of 16^ cwt., which the waggon in defeend- 
ing and afeending alternately raifes and lowers to the depth 
of J44 yards. The rope, by which the waggon is impelled 
and acceleratedf winds round the axis of a large wheel in a 
nich or groove in the middle, which gives the rope only 
fpace to coil round upon itfclf, and thereby guards againii 
all poffibility of entanglement. Near to the axis of the large 
coiling-wheel, there is an oblique indention (a range of teeth 
or cogs) of call -iron, which correfponds with and works 
into a iimilar conformation on the rim of a fmallcr wheel ; 
round which the plummet-rope is coiled or warped, and it is 
in confequcncc thereof moved round, only once in fix rota- 
tions of the fulpending and retradling wheel, which is the 
fame proportion that the elevation of the plummet weight 
bears to the defeent of the waggon ; to preferve the rope 
from injury by dragging on the ground, rollers with iron 
pivots and brafs fockets for it to run upon, are elevated in 
the middle of the rail-way, but fufficiently low to prove no 
obftrudion to the waggons which pafs over them.'' On 
ihorter inclined planes than the above, horfe-gins arc fome • 
times uied, for drawing loaded waggons up, and at the fame 
time letting empty waggons down the planes. 

The conjlru&tng of Kail-nvays% or, as they arc often called, 
tramt dram, or waggon-roads, rtquirc the application of 
principles fo exaAly fimilar, and tlicy arc lo intimately 
blended with our fcvcral navigable canal and river cflablifti- 
ments, that we have before mentioned our idea of the im- 
propriety and difficulty of feparating them by deferring the 
account thereof to a future place in our work : the fubjc6i 
of inclined planes, of which we have lall been treating, has 
required the mention of fo much relating to rdl*w$ys» that 
we beg to proceed with and 6ni(h that part of our fubjed, 
before we refume the fubjcdl: of bridges, towing-paths, fen- 
CCS, drains, boats, moving boats, &c. which yet remain to 
be mentioned. From tlie firll opening of the coal-mines on the 
banks of the Tyne river above Ncwcaftlc, untS Aout the 
year 1680, it appears, that the coals were convej^ed in carts 
and wains, from the mouths of the fcveral pits, keels 

or vcffels, that conveyed them to the fidcs of the 
below the bridge. As this kind of fuel came to be foblli- 
tuted for wood in London and other cities, and towns on 
the fouth and caftern parts of the ifland, the confumption 
of Ncwcaftlc coals became fo confidemble, that we are told, 
that fcvcral coal-mines, as the Kinion, Bcnwell, jefmond, 
dec. gave employment to 400 or 500 carts or other carnages 
each, for conveying the produce of thofe pits to the water- 
fide: the difficulty and cxpencc of maintaining lo many horics, 
and coft of repairing roads for fuch confiderabk traffic, oc- 
cafioned the kitroduaion, about the period above mentioned, 
of waggon-roads or wooden rail-ways, on which wagons 
of a large fizc, with wheels of a particular form to fuit the 
rails, were ufed, and which one horfe could draw, owing to the 
regular and tafy defeent with which the rails were laid. 
It was not until the year 1758 that this important improve- 
mentwas introduced at the Whit c-haven collicncs on the 
weftern coaft, and it is truly furprifmg to obferve how flow 
the introduaion of them was in other parts. , , . , 
Waysleavef or flips of ground were fet out and hired on 

leafcs, orpurchafedby the different coal-owncrs of tlie fe- 

vcral pwprictors of lands, lying between their pus and the 
fiver;, and this, not by the ncareft route, but in inch adirec- 
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tioii as gave the moft eafy and regulardefcent. The inequalities 
of this flip of ground were levelled as a road, hollows were filled 
up, and fudden hills lowered, when fleepers or large logs of 
wood were laid acrofs the fame, their tops being all of a re- 
gular height ; upon thefe, two rails, generally ofbccch wood, 
were laid parallel to each other, their ends abutting ciofe to 
each other, and were firmly pegged down to the fltcpers. The 
tops of the rails were planed Imooth and round ; the wheels 
of tlic waggons were low and of call iron, or of folid wood 
with iron rims, which were not flat on the edge, but hollow 
to receive and move on the wooden rails ; the infide edge of 
each wheel projcdling near two inches, in order to confine 
the wheels cffcdlually to the rails, and prevent the waggon 
from being drawn off the road. From all confiderablc works, 
there was a main way made for the paffage of loaded coal- 
waggons as above; and another, or bye-way by its fide, 
for the return of the empty waggons. When coal-mines 
had been worked into deeper ground, and pits or (hafts were 
opened below Tyne-bridge, the rail- ways therefrom were 
conduced to the top of a ftage or wooden building called a 
ilaith, on the wharf or key where the (hips lay ; and the coal- 
waggoiis, a defeription of which wc have already given, 
were either emptied at once through the fpouts into the 
hold of the (hip, or dcpofitcd in the warchoufe below in 
(tore for futuie (hips. One indifferent horfe could in gene- 
ral draw three tons of coals from the pits to the river fide 
upon thefe wooden rail-ways ; which mode of conveyance be- 
came further improved by the introduAion of plates of 
wrought iron nailed on to the rails for the waggon-wheels to 
run upon. Attempts w»cre made in different parts, to intro- 
duce call-iron inftcad of wooden rails ; but owing to the brit- 
tlcnefs of the material, and the great weight of the waggons 
in ufe, they did not in general luccccd. 

About the year 1768, Mr. Richard Lvoell Edgeworth 
contrived a remedy for the principal objeftion to call iron 
rail-roads, in making ufc of two or three fmallcr waggons 
linked together, in Head of one large one j a model, ot three 
of thefe he prefented to the Society of At U in the Adclphi, 
London, and was honoured by the premium of their gold 
medal. In the year 1788, the lame gentleman, on lomc 
temporary wooden rail-ways for manuring of land, made fe- 
vcral experiments, in the prefence of diffcj ent Mechanics, on 
the application of fridlion-rollej s for diminilhing the fric- 
tion of waggon axles. The rail- ways hitlicrlo conftrudted 
weTC private propcity, or for the accommodation of particu- 
lar mines or works, and it was not, wc believe, until about 
the year 1794, that Mr. Samuel //ow/rfly, and others, ob- 
tained an ad of parliament for conftrudting an iron dram- 
road, tram-road, or rail-way, between Cardiff and Merthyr 
Tidwll in South Wales, that Ihould be free tor any perfons 
to ufe, with drams or trams of the fpecificdconftrudion, on 
paying certain tonnage or rates per mile to the proprietors. 
Soon after the year J 797,. iron rail-ways began to be con- 
ftruded as branches to the canals of Shropftiirc ; and, in 
other parts of England, Mr. Benjamin Outram^ an engineer, 
began to conftru6t the fame upon improved principles, of 
which Dr. Anderfon has given an account in his Recreaiiom^ 
vol. iv. pages 199 and 473* , , ^ ^ 

On the 25th of June 1799, the lioufc of commons made a 
llandingordcr for extending to all bills for making any ways or 
roads, commonly called rail-ways, or dram-roads, all theorderg 
(of May 7, 1794) relating to the introdudion of canal bills. 
One principal difficulty, iheprovifion of water, does not here 
occur, ualefs for docks or bafons, which are not unfi e- 
quently neceffary, at the termination of a rail-way, at a 
river, or cxilliiig canal ; and, as tlie owners of llrcams of 
water arc not under dread of lofiug the fame by the paffage 



of z rail'way near them» and the fame is applicable fo much 
more eafily to the ufes of the owners and occupicrsi than a ca- 
aial iSf lefs difficulties will attend the obtaining of general 
powers for making (idc or collateral branches, at any future 
period ; and of conneding the fame with different rivers, canals, 
or rail-ways, making the parties a compenfation in tolla or 
otherwife, if fuch connection fhall appear to draw off or 
lelTen the trade upon any part of their line of communica- 
tion, as often happens ; and fuch ought always to be 
carefully invefligated, and liberally eftimated by the en- 
gineer, and the company be advifed to ad accordingly. 

In furveying a line of country for a principles 

fomewhat different from thofe which apply to a canal, arc 
to be kept in view ; in the latter cafe, exad or dead levels 
are traced out, and the cafe of towing or dragging boats 
thereon is nearly the fame in going one way as in returning 
the other, whether laden or not, for the afeent or defeent 
of the locks or planes are there overcome by a different 
power than that applied to towing upon the levels ; in a rail- 
way the cafe is different, the horfc which in going one way 
draws a very heavy load down a fliglit defeent, has to return 
again with the empty waggons, or a lightci laden, up the fame 
alcent. It will therefore be neceffary, as a preliminary llcp 
to fetting out a rail-way, to calculate as accurately as poi- 
fible the quantity of lading which will at the firft or any fu- 
ture period be to pafs each way upon the line, or on any 
particular pans of it, bccaufe on this will depend, in a great 
mcafure, tnc dope that it ou;'ht to have, and confc-qucntly 
the ground whicn the rail-way line ought to occupy. If it 
ihouTd appear, on an accurate calculation, that the fame 
weight of lading may be expeded to pafs one way as 
the other, or that the lame will preponderate at feme periods 
one way, and at others the other way, the rail-way muff 
in this cafe be fet out in Itvcls or very nearly fo, and the 
unavoidable afeents and defeents mull be made by inclined 
planes, as before mentioned ; on which either a greater 
number of horfes muff be ffationed to draw waggons up, and 
in letting down, their wheels muff fo»nc of them be flip- 
pered; or loaded defeending waggons muff draw up the 
others ; the defeent of a weight or tub full of water in a 
fliaft muff draw up a waggon, or more than one ; or, a fteam- 
engine, borfe-gin, or walking-wheel, muff be ufed as a 
moving power, with fly or brake regulators of the motion, 
as we nave before mentioned. If the trade will always pre- 
ponderate one way, as it generally will in the defeent from 
mines to navigations, and the ground will admit of the fame, 
the regular inclination of the rail-way ought to bd fuch, that 
a horte can draw the ufual lading down with the fame eafe 
as it can return with the waggons when emptied, or with a 
artial lading, in cafe of there being a fmall afeeuding trade, 
f the flqpe of the j^round (hall be found greater than to fuit 
the above calculation, the rail-way ought to be fet out for 
as great lengths together as is pra^icablc, with the proper 
dope, and then to fet out an inclined plane, as before men- 
tioned. It ought to be well confidercd, where a rail-way 
or a branch from the fame appears likely to have a defeend- 
ing trade atprefent, whether, at a future period, by ex- 
tending the lame forwards to any town or manufadory, or 
by other change of circumffances, the afeeuding tnde is 
lilcely to be materially increafed, in proportion to the de- 
feending ; bccaufe in fuch cafe, the line would require to 
be altered in its flope, and moved to a new place, or it muff 
continue to be worked to a conddcrable difadvantage by the 
horfes having to travel down the line unemployed, to fetch 
up a portion of the loaded wmg^ns* It will readily be 
perceived, tiiat tbx adoption of wt heji line^ of which the 
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circumffances of the trade and nature of the ground is fuf* 
ceptible, is a tadc requiring a decree of (kill and patient re** 
fearch, not at all inferior to any thing required in the fetting 
out of a canal, and it can hardly be neceffary to point out 
the nccelTity of employing the mod competent engineer, and 
allowing him proper time and affiffance, in order to get the 
moff eligible line marked out. A rough fedtiou of the dif- 
ferent routes which appear eligible for a rail-way made by 
levelling with a fpirit level, will be very ufcful in the (irff 
inffance ; from wliich, and a view of the ground, the engi- 
neer will be able to determine nearly the place and extent of 
the inclined planes, or fteeper parts of the rail-way which 
will be neceffary $ thefe laff being always made as fliort as the 
nature of the ground and circumffances will admit* Thcfr 
being fettled, the line of the intended rail-way muff be 
traced on the ground, beginning at the higheft point, and 
ff retching a chain on the ground, one end being held at thr 
point of departure, the other muff be turned round upon the 
face of the defeent, until a point marked by this end is found, 
which is one link (or fomelhiiig more or lefs, accoiding a*, 
the flope is to be) lower than the upper end ; the chain be.- 
ing now moved forwards, till the hinder end refts on the 
point laff determined, the other end is to be moved, accom- 
panied by the ievtllitig target, until a new point is found, 
one link lower than the laff, and fo on ; by which, a line 
having the regular defeent of one link in a chain, will be 
traced out on the ground, until the place of an intended in- 
clined plane is reached. The ftakes which arc put in to 
mark the place of each fucceflive (lake w'ill, as in the cafe 
formerly mentioned, of fetting out a level for a canal, be 
found very crooked in many places ; and it will be neceffary 
for the engineer to (lake out a new line, after a moll careful 
view and confidcration of the ground, the approximate 
line for the centre of the rail-way ; which muff be without, 
any fudden bends, that would occafion fri6\ion of the wheels 
agaiuff the fldcs or ribs of the rails. Single rail-ways will 
generally require about four yards wide, and double onca 
about fix yards wide (cxclufivc of the neceffary fpace for 
drains and fences), and this width will require to be levelleil 
like a road or plane : it will therefore be proper fo to fet out 
the line, that the quantity of ffuff which is to be lowered 
in one place (hall always, with the leaff diffance of throw- 
ing or barrowing, make up other places which are too low. 
where fudden valleys arc to be croffed, it will be neceffary 
to condu6l the line, fo as to cut into the hill at each (idc of 
it, to find the ffuff as readily as poffible for forming the em- 
bankment : it w'ill alfo be neceffary to fearch carefully for 
gravel or ftones flt for makirig tlie road between and under 
the rails ; and if fuch can be got in the line, it may be a 
conflderable faving of labour and of damage to the land, as 
well as a foiirce of future advantage to the concern, to cut 
pretty deeply into fuch materials, as we have before fug* 
geffed and explained on the fetting out of a canal ; which 
the reader, who wifhes to underftand this fubjed, would 
do well to confult. A line of (lakes, exadlly at a chain 
(loo links) apart, (hould be put into the line laff ffaked 
out, and drove fucceffively into the ground, beginning 
with the hi^Keff, fo that the head of each may be very 
exaAly one link (that being the fall we have affumed) below 
the level of the la'l ; of couiTe thefe will either (land above 
the ground, or be drove in the bottom of a hole, according 
as the ground warts railing or finking, and will enable the 
engineer, on a review of the line, to judw more corrcdUjr, 
or to calculate where neceffary, whether tnc line is fet ontm 
the right place to be formed at the leaff cxpence of labour, 
and with the leaff damage to the land ; and when this is 
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found to be the cafe» the neeeffary width oFland can be dc- 
termined on» and the fame lurveyed and deferibed by the 
furveyor, for the purpofea of depofiting the necefiary plana 
with the clerk of the peace and with parliament. The dif* 
ferent regular flopes or parts of the rail-way being deter- 
mined in this maiintr, the deeper dopes or planes tliat may 
be ncccflary to join them, mud next be fet out and deter- 
mined* by taking the whole fall or diflercncc of the levels 
of the two ends* and dividing the fame by the nurr.bcr of 
chains that the plane is to be long, for obtaining the fall 
which is to be allowed between each pair of ftakes, in- 
ftcad of a link as before affiuned. tn dtting out a liis^rlc 
rail-way, it will be neceflary, at proper intervals, to allow 
the width of land proper for a double i*ail-\vay, for a fliort 
jpacc, in order to form pafliug-placcs for the waggons that 
are coming different ways. As part of the rail- way will in 
moll cafes be condudled «nlong the fide of a bill, or on fide- 
lying ground, it will be iKccffavy to confidcr the fame in 
calculating to difpofe of the duff, and for the ncccffary 
ditches and drains for intercepting the fprings and furface 
water in every in dance, fo that the ground of the rail-way 
may at all times remain dry. The draining, fencing, and 
bridges, will require to be done on the principles which we 
fhall further on explain rcfpccling canals ; and the embank- 
ments, culverts, or tunnels, which may be neceffary fur pre- 
ferving the proper flope in all places, are alfo to be done on 
fmiiiar principles to thofc of canals before treated of. It 
may be proper here to mention, that Mr. Robert Fulton^ in his 
Treatife before quoted, pages 82, &c. has fiiggcded and de- 
feribed dilferciu kinds of cad iron bridges for pafllng rail- 
ways over valleys, either level acrofs, down one flope, and 
up the other of the valley, or fifing obliquely up ; in the 
firft and lad of which he propofes to avoid any lolid plat- 
form or top for carrying the horfe path, and to tow or drag 
the waggons over this open rail- way, by aa cndlefs rope or 
chain, pafling over a pulley at each end, which can be i\t in 
motion by a windlafs, a defeending weight, or other power. 
On the approach to a river or yard, whert^ CO|>fiderable 
quantities of coals or other minerals are to be difeharged, it 
will be proper to keep the rail-way upon a high level, by 
embankment, or on arches, or on a dage of timber, that the 
waggons may be difeharged from the top of a R^th or Rage 
into (hips or boats, or into carts and waggons, without be- 
ing moved by manual labour. Rivers, brooks, or hollow 
roads, miiR be crofled on bridges whofe tops are formed to 
the regular flope of the plane ; and where roads crufs the 
intended rail-way, they muR cither be raifed fu as to be 
carried over, or funk lo as to pafs under the fame ; or be 
made up to the fame height ; and the rails mud, in that 
part, have ribs of lefs height aud greater drength, and the 
whole mud be fo firmly embedded on mafonry, that the 
heavied carriages, in cromng, cannot damage it : an indance 
of which may be feen in Wandfworth town ilreet, and at 
ieveral other places on the Surry iron rail way, 

A confidcrable facility is occafioned An the eot^ruCtin^ of 
Rail-ways f after the plan of the whole is fettled, the ad paif- 
cd, the land purchafed, the work fet out, and the ground 
levelled and properly fettled, by being able to begin in any 
part where Rone, gravel, and other materials that are wanted 
are to be mod conveniently had, and to vtrork from thofc 
places without the heavy cxpence of common cartage, ex- 
cept for the iron rails or blocks of Rone for fleepers, if fuch 


cept for the iron rails or blocks of Rone for fleepers, if fuch 
are not found upon the line. 

We will therefore fuppofe the work to begin at fome 
point where the line inteneds a rubble rock or a bed of good 
graveli aad the furface of theroad is to be covered therewith 


for about a foot thick, and the fame is to be nicely levelled, 
and any great or rough and out fired Rones (hould be care- 
fully picked or raked off, that the whole may the fooiier 
fettle down and become one compad mafs ; thefe large 
Rones may be thrown forward unon the unformtd part of 
the road, to be covet td with fmallcr and better grave). This 
covering of rubble or gravel mull be nicely raked nuvi levelled 
and beat or rammed down, to make it as coinpr^l and folid 
33 pofiihle. A great quaplity of Mocks of liard and dur- 
able Rone mull be got in rcadiiu-fa, from 8 to 12 inches 
thick, and weighing 150 to 200 lb. each ; the fliape of them 
is not very material, fo that the bottom is flat, to bed firmly 
and cveuly on the gravel, and the top is to be chilrlicd to a 
level to rcctive the ends of the iron rails ; in the centre (xf 
tills flat put a hole mull be drilled about inch diameter, 
and 6 inches deep. Two flat and lliaight gauges of iron 
mull be provided with pins riveted into their ends to fuit the 
holes in the Rones ; the pins on thefe gauges Ihould be at 
the cxad\ dillancc on one of thrm to fuit the length of the 
iron, generally three feet, and the other to fuit the dif- 
tance of tlie rails apart or breadtli cf the road, ufnally about 
4 feet. One of the Rones being laid in the proper place 
for the beginning of one fide of the rail-way, and nicely 
bedded and rammed down upon tlie gravel, anotljcr Rone is 
to be laid at 4 feet diRance for the other iide of the road, 
and for bringing tliem to the ex?6l dlRance and level, the 
pins of the breadth-gauge are to be entered into the holes 
in each Rone, and a common or mafon’s level is to be ap- 
plied to the top of the gauge ; if the Rone JaR laid is found 
too high or two low, it muR be lifted up again, and gTavcl 
muR be raked out, or more fine and good gravel fprinkled 
in and rammed down, until the right height is obtained ; 
the Rone is then to be laid on again, and brought to its 
proper place by means of the gauge and level ; care is to be 
taken that the top of the Rone is level, fo tliat the flat ends of 
the guage bed cxadly and evenly on the Rone all around the 
hole ; and if this is not the cafe the chifel muR be ufedto lake 
down any irregularity and produce this bedding of the 
gauge bar. A third Rone is then to be laid on one fide 
aud the length-gauge pins entered into the holes, by which 
thccxa^l and proper diRance of the Rones will be afeertain- 
cd, and for trying the truth of this Rone as to height, a 
level is to be ufed, in which a line is very carefully drawn by 
the engineer, making the cxadl angle with the perpendicu- 
lar line chat the rail- way is to make with the horizon \ this 
being applied upon the length-gauge will fhew w'hc- 
thcr the Rone laR laid requires more gravel under it, or 
any to be taken out, obferving always to level the gravel 
carefully and lo ram it down, and alfo to ran: the Itonc 
down upon the gravel, before each ultimate trial of its pro- 
per pofition as to level, its diRance meafured by the gauge 
from the other Rone, and its range by a line Rrctchcd in 
diredlion of the intended rail- way. With thefe precautions 
the Rones arc to be fncceffively laid, and gravel of the belt 
quality, and wiihout any large Roner, is to be bid in, to 
till up the fpaces between them ; and fome on the outfide of 
the Rones, the better to fccure them in their places; and 
when a certain length is done, as no mortar or other foft 
material is ufed which requires time to dry or fet, the work 
is rrady to receive the rails, and will be then immediately 
fit for ufe, to carry forward the gravel, Rones, and other 
materials for the work as it proceeda. We haVe before men- 
tioned that the ground work fhould be fettled ; and for this 
purpofe the levelling of the road fhould be performed early in 
the winter, and the rains and froR will efftduallj fettle it, by 
the time the work gets dry enough in the eoitting tjpring; 
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before wKich, tlie work lliould be carefully gone over again, in connef^ion with four common rails, parts of which are 
to level and hll up any parts which have fettled more than reprefented by £, F, G and H ; a wedge or tongue of 
was expelled and allowed for. wrought iron, I, is moveable round a pin, and is reprefented 

The cafl Iron Rails^ in the earlier ufe of them, as on in the figure, as placed again (I the ftub K, fo that the track 
the extenfion of the Caldon branch of the Trent and Merfey from G to F is clear for one of the wheels of a waggon ; 
canal, to Mr. Gilhrt^^ lime-works, 4 miles in length, and by moving the wedge I till it refts againll the ftub L, 
(which was in ufe long before 17941) were faftened down the track from Hto E would be clear ; before the waggon 
upon longitudinal rails of wood, which lay acrofs feveral can pafs in the direAions above-mentioned, the wedge will 
wooden fleepers, ecnbcdde J in the gravel, as we have deferib- often want moving by hand to the proper pofition, but in 
cd above ; thefe rails were three feet long, and had two going in the oppofite diredion from E to 11, or from F to 
holes, at iS inches apart, to receive the wooden pins which G, the adlion of tlie wheel againft the wedge will always 
faftened them down, or rather confined them in their places, move it into the right pofition ; there is a circular guard or 
on the wooden rails: (fee ftg, 31, Canals ^ pl(d^ iv.) at one ftub caft on to the rail behind the joint of the wedge for 
end there was a tiianfj,ular projeeflion, and at the other a preventing the wheels from linking dirc^lly againft the end 
fimilar notch which fitted into each other; a rib flood up of the wedge. 


along one fide, to confine the waggon wheels to the track ; 
and oppofite the holes, the rail which was about i| inch 
thick and weighed about 42 lb. was made wider to ftrengthen 
that part ; yet, with this precaution, fuch rails were verv 
liable to break in two at the pin holes, as well as to loole 
their conncdling triangular piece; the rib alfo was very 
liable, by the wheels or other things ftriking againft it, to 
get broken off near the ends, and the waggons were not 
confined from running off the road in fuch places. The 
rails of the Surrey Rail 'way are reprefented in figs. 32 and 
33, and are, we believe, of the moft improved conftruftion ; 
they have their ends rclling on fcpaiatc blocks of ftone em- 
bedded in the gravel as above defciibed, and, inftead of pin- 
holes through them, each rail has a fimilar redangiilar 
notch in its end, which, when two of them arc laid clofe to- 
gether, foims a counttr-vvork-holc for a fqnarc and hcadlcfs 
fpike of iron, tliat is to fallen the ends of both the rails. 
Thefe rails coufift of a re£langular plate of caft iron, 3 feet 
2 inches long, 3 inches broad, and 1 thick ; a piece of metal 
about half an inch thick is added in the calling, to incrcafc 
the thicknefs at each end for 3 or 6 inches in length, where 
it is to bear on the Hone and receive the fpike ; a rib is caft 
on to each edge of the rail, one of them above, and ferves to 
guide and confine the waggon wheels ; the other below for 
adding ftrength ; thefe ribs which are p.hout three-fourths 
of an inch thick form by their top the fegnicnt of a large 
circle, being about 3J inches high in the middle, and about 
1 § inch at the ends, by which thefe ribs are calculated to 
give the greateft llrength to the rail in the middle, where it 
has no bearing, and to make them not to be cafily fnipped 
or broken off, as mentioned of thofe rads above, whofc ribs 
arc of an equal height throughout ; fmall circular projec- 
tions of metal are call on to the width of the rail near each 
cud, and the fame are carefully bedded upon the Hone, for 
preventing the rail from being overturned laterally, by the 
adion of the whcelsagainft the rib. For crofting of common 
roads, the rib, (fee Jig* 34,) is made only an inch high 
throughout, and near an inch thick, and its edges are well 
rounded off. In thefe fituacions, a few rows of pavement, 
of g^ood fquare ftoncs, fuch as the carriage way of the ftreets 
of "Xondon are now paved with, are kept nearly or quite 
as high as the ribs of the rails, by which the heavieft wag- 
gons, carts, and coaches pafs over them almoft without any 
fenlible jolt. Crofling-rails are ufed at every pafling-place, 
or point where waggons are to pafs out of one track of rails into 
another, which arc very numerous in the company’s yard, by 
the fide of their bafon or dock for barges, in order that empty 
waggons or thofe loaded may be readily pullied into one of the 
tracks further off the wharf, to let other full or empty ones 
advance, on their proper track, to the fidcs of the barges. 
ABC 3 S$ rcprefenlsonc kind of croffing-rails, fticwn 


1 he method in wliich the rails arc faftened to the 
blocks of ftone on which they reft, is by an odagonal peg 
or tiunnion of good found dry oak, fitted to the hole in the 
ftone, fo as to drive cafily into the fame, otherwife its fwel- 
ling by wet and the driving of the fpike might fplit the 
ftone, this plug of wood is not long enough to reach the 
bottom of the hole, and is fawed off even with the top of 
the hole ; a hole is then bored through this plug of wood, 
and an iron fpike with a fiat point, and a head juil fitted to 
the counter-funk notch in the ends of tu’o rails, w'hcn ap- 
plied endways together, is drove ; by which the rails are fuf- 
ficicntly confined, and yet in cafe of any wear or fettling of the 
ftone, fo that the rail gets a little loofe, it is capable of moving 
that fmall fpace without breaking out the fides of the pin- 
hole in the rails. It will be proper, always to drill a fmall 
hole from the bottom of the plug-hole, quite through the 
ftone, for the rain water to foak away into the gravel, other- 
wife the freezing of water in the holes would often burll 
the ftoncs. Care mail be taken from time to time, to kecj) 
the tread or furface of the rails clear of dirt or ftoncs, whit li 
laft would flop the waggon, and perhaps break the rails ; 
and loo much pains can hardly be taken by raking and fort- 
ing the gravel, for the finifh or top of the road, and rolling 
or ramming of it down, to fettle the fame into a compad 
and hard road as foon as poftible, having no loofe Hones, 
which the horfes are always kicking on to the rails, and 
while this is the cafe, the man who attends the waggons 
fiiould always go before his horfe, and look carcful'y to the 
rails, and remove any ftoncs that may have got upon them. 
The waggons in moll general ufe on the Surry iron Rail way' 
weigh, including their loading, about tons, the wheels are 
two feet iWc inches high, of caft iron, with 12 fpokts, which 
get wider as they approach the hub, which is eight inch 
long to receive a fmall wrought iron axle ; the fellies or rims 
of the wheels arc two inches broad, and nearly as much 
thick, and the (harp angles are rounded off, fo that thefe 
wheels are capable of being ufed without damage on any 
hard common road; a very principal advantage attending the 
modern ufe of rail- ways, 'fhe axles of the wheels are fixed at 
two feet feven inches diftance ; the bodies of thefe waggons 
arc feven feet nine inches long, four feet five inches wide, 
and two feet four inches high ; thefe are ufed for bringing 
down chalk from the Surry hills to make lime, carrying 
back manures, &c. The founders, and others upon the 
line, have trucks or waggons of different kinds to fuit the 
nature of their goods ; the only apparent limitations being 
in the width of the wheels and carriage, the length of their 
axles, and weight of lading. 

For the more ready emptying or (booting the contents of 
the waggons into barges lying in the dock, a ftrong ftage is 
erected on the wall, which projefts over the water, and in 
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waggons (liort round at>d back them on to port the Came quantity of goods in tl given time : but Mri^ 

this itagey the rail-w^ pafles over a large circular plate of Fulton fays, that five tons to a horfc is*the average work on 

call iron, which is fufpended on a pin beneath its centre ; rail-ways, defeending at the rate of three miles per hour ; 
there being a circular ring under its circumference, which or one ton, upwards, with the fame fpeed. Mr* Telford 
moves round freely, with a confiderable number of fmall obferves, that on a rail-way well conllriidlcd, and laid will* 
wheels or rollers, whofe axles are fixed therein, (fee Jigu 45 a dcclivity of 55 feet in a mile, one horfe will readily take 
and 47, P/j/if VII.) upon another circular iron plate firmly down waggons containing 12 to 15 tons,' and bring back 
fixed below ; by this arrangement, it happens, that as foon as the fame waggons with four tons in them. yir. Joftih 
the fore and hind wheels of the waggon are advanced on to this Wilhet in 1799 Hated, that a horfe of the value of 20I. drew 
circular plate, a very fmall force applied to thc'waggon will down the declivity of an iron road yV of an inch at a yard, 
turn it a ciuarter round, along with the plate and rails on which 21 carriages or waggons, laden with coals and timber, weigh- 
it refts ; the waggon is then run backwards off the plate, on the ing 3 «; tons, overcoming the vis tnertia repeatedly with tale, 
ftage before mentioned, and its contents are (hot into the barge The fame horfe, up this declivity, drew five tons with cafe, 
below ; it is then returned upon the plate, and the fame is On another part of the road, where the acclivity w'as li of 

turned round until the rails thereon match the track, and an inch at a yard, the fame horfe drew down three tons 5 

the waggon can then move fcH*wards, to make way for ano- but it was necclfary to flipper or lock the wheels here, to 
thcr loaded waggon, to be emptied in like manner, or it can prevent his being oveipowcrcd by the dtfctnding weight, 
be fliovcd backwards to a crofling- place, as may be required. On a different rail-way, one horfe, value 30I. drew 21 wag- 
A ton weight or more in a waggon can eafily be Ihoved along gons of 5 cwt. each, wdiich, with their loading of coals, 
by a man, as he does a wheel-barrow. Railway branches amounted to 43 tons S cwt. down the declivity of 3 of an 
are capable of being condudlcd into every foundcry, or other inch in a yard 5 and up the fame place, he afterwards drew 
great w^ork near the line, to terminate under their large feven tons ; the cwt. in all thefe experiments of Mr. /P.'s 
cranes for hoi ft ing goods, fo that heavy articles can be loaded being liolb. In the fiimmer of iboj a trial was made on 
at once on to trucks for the rail-way. The branches of a the 5 w/ry rail-way by Mr. Bankes, wherein a horfe, taken 
rail-way admit of being multiplied almoft without limit; iridifcriminatcly out of a team, drew 16 waggons, weighing 
farmers and others who have but an occafional trade, may upwards of 55 tons, for more than fix miles along a level Jr 
have their own waggons to be kept locked, and left for them very flightlv declining part of the rail-way. 
bry the fide of the rail-way, one or more at a time, from the t)i\ ^naer/on has calculated theexpcnccof carrying goods 
gang that is paffing along the line. About November 1800, in common waggons, or turnpike roads, a diftance of eight 
Dr. Aiulerfon recommended, in his RecreatitMSf vol. iv. p miles, at 38 . 4d. per ton, and of carriage, the fame diftance, 
204, the adoption of a double rail-way for heavy carriages on a rail-way, at 4d. per ton, or only a tenth part of tlic 
between London and Bath ; and about March 1802, Mr. former. Recreations 208. 

R, L* Edge*uforth recommended, in Nicholfon^s JournaU l^vo. For fteep defeents, fledges, or flippers of iron, muft he 
vol. i. p. 221, the experiment to be tried, on one of the great provided, fimilar to thofc in common uic with road-waggons, 
roads, for ten miles or more out of London, of a rail- way which can be placed under the wheels of the rail-w^ay wag- 
with four tracks, one for flow and another for faft travelling gons, and hooked to the fide of the waggon by a ftiort chain, 
carriages going each way, in order to avoid meeting or dc- in order to caufc the wheel or wheels to Aide upon the rails, 
lay ; tliefc hepropofes to adapt to chaifes and ftage coaches, whereby the tendency to defeend may be checked, 
by means of low cradles or platforms, with whe<l« adapted Mr. IVllliam Chapman has, in his Ohfervations^ p. 42 and 
to the rails, on to which a chaife, coach, or other carriage, 54, recommended the ufc of waggons, that are to run on 
could be drawn, and there confined, in order to be drawn to the rail- ways that arc to be prepared in the bottom of a 
along the rail way ; and which cradles the coaches might flat-bottomed boat, inftead of unloading the contents of the 
leave at any delired point, to be drawn on the comfioft road, waggons into the boatj and w^hen this boat with its waggons 
which he propofes to have by the fide of hia rail-ways. Dr. has arrived at its deftination, the waggons are to be run out 
Anderfofh in the volume above quoted, recommends rail- upon otlicr rail- ways, to proceed forwards by land if ncccirary. 
ways to be made from the docks in the Iflc of Dogs, to dif- Mr. Ciirr^ w'e arc told, has introduced in the mines of 
ferent points in the environs of London ; and he propofes Shropfliirc, and other places, a flight kind of iron rail-ways, 
the bodies of thefe rail-way waggons to be moveabk, and to called train-roads, for the ufe of very fmall waggons in their 
be hoifted off by cranes with their lading in them, and be under-groundworks, 

placed on other, and larger wheels, with fliafts adapted to Mr. R* L. Edgeworth has fuggefted {Nicholjon^s Journ^ 
the ftrects ; which, after delivering their lading, would re- 8vo. i. 223,) the ufc of light circulating chains running 
turn, perhaps laden with other goods, to the cranes to be upon rollera, w’hich are to be put in motion by fmall fleam 
replaced on the rail-vvay wheels. In vol. v, p. 291, of the engines placed at confiderable diftances ; to thefe chains he 
dodlor’s work, it is recommended to ufe waggons on the propofes carriages to be* attached, for dragging them along 
propofed rail-way wdth wdiecls large enough, and of a pro- upon rail ways inftead of ufing horfes. Since Itcam-cngiiics 
per conftruaion, to be ufed in the llrcet aJfo. Wherever any have been brought into ufc, to work by the expanfive force 
confiderable work is to be done, as in the excavation of the of iltam, and requiring no water for condenfation, a fuccefs- 
London-Dockst it has been found to anfwer, to lay down ful trial of applying thcin to moving the trams on a tram- 
temporary rail-ways ; and fuch as admit of being moved as road has been made, vi%* in February 1804, on the Cardiff" 
parts of tne works become complete. For the ufc of mines, and Merthyr rail-way, where 10 tons of iron (long weight) 
this facility of removal is often of confequence, as the veins loaded on tram-waggons, with the additional weight of 
or pits wear out. about 70 perfons for great part of the way, were drawn for 

Dodior Anderfon obferves, that 20 tons, in a barge upon nine miles upon the tram-road, at the rate of near five miles 
a canal, will be drawn with tafe by one horfe, travelling at per hour, by the ufc of one of thefe fteani-engincs fixed on 
the ufual rate tliat waggons move $ and that on a rail-way its own i waggon made by Mr. Homfray, (for which engines 
the fame horfe would, under favourable circumffancesi trani- Mr. Tnveihict bad prcvioully taken out a patent, though 
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fi perViaps an old invention) no Ajpply of water for the boiler 
being found neceflary in this diftance. 

The <70(1 of a Tingle rail-wayt with crofl!ng-plaee8» for ade* 
fcending tradc« was eftimated by Mr. FuUon^ who wrote in 
1,795, about 1600I. per mile. Mr. Wilka^ in 17991 ^ated, 
that the expence of completing a mile of fingle raiUway, where 
materials of all defcriptions lay convenient, and wnere the 
land lies tolerably favourable for the dcfcent, would be about 
900]. or loool. fenced, 8 cc. exclufive of bridges, culverts, or 
any extra expence in deep cutting or high embankments. 
Dr. Andsrfon mentions, in 1800, the fum of lOOol. per 
mile as the probable cod of a double rail- way in the moil 
favourable fituations, and of very ftout ones in the vicinity 
of London, where labour is dear, not lefs than 3CX)ol. per 
mile ; and Mr. Wilkes fays, that wherever the quantity of 
goods to be conveyed on a rail- way, having a deicent of not 
more than | an inch in a yard, amounts to two- thirds 
of downwards, and one-third of upwards loading ; it is a 
doubt, if it will not, in that cafe, be a cheaper conveyance 
than by a canal, belides the rail-way being more certain, 
where difpatch is neceffary, on account of froft and dry fea- 
fons. Another advantage attending rail- ways is, the greater 
certainty of the ellimates for the fame, w'hen made with care 
and judgment, and the facility with which the whole work 
may, in general, be con trailed for, to be completed at a 
Hated time. The principal rail- ways which have been exe- 
cuted, arc the Caratff' ana Merthyr^ the Caermarthenjhlre^ the 
Sirbowy^ the Surrey j and the Swan/ey and O^ermoutb ; and 
fuch branches will be found to the Afhhy de la Zouch^ Crom- 
ford, Derby f Erewajb, Lanccjler, Leeds and Liverpool, Peak 
Foreji, Sbropjbire, Somerfet Coal, Trent and Merfey, and 
feveral others, to which number almoH every day is adding. 

The cos^rufting of Bridges for crolfing canals and naviga- 
ble rivers, often occalion a very ferious part of their whole 
expence, and this ctrcumdance occadoned the attempt in 
fbme of the earlier canals, to fubftitute paved fords in many 
inltances ; Mr. James Brindley propofed thele at firft, for 
fome places on the Trent and Merfey canal ; and on the canal 
which Mr. Davu Dukart conftru£ted to the Tyrone col- 
lieries in Ireland, thefe were fubdituted in place of bridges. 
Mr Fulton has recommended the general adoption of folds on 
his fmall canals, but Mr. Chapman obferves, that the water 
in fuch cads mud not exceed two feet nine inches in depth, 
as otherwife hay, (heaves of corn, &c. in common carts 
would be liable to get wet in crolfing. On the China canals 
we read, that there are elliptical arches of done over their 
canals, the longer axis being vertical, and high enough for 
the mads o£ their vtlTcls ; thefe bifidges being only intended 
for foot palTengers, and are afeended and defeended by deps. 
On our canals, bridges for foot pafiengers only arc generally 
condru^cd of wood, and are mounted by deps, as at Padding- 
ton on the GrandJunQion . In all large and important bridges 
the arches Ihould undoubtedly be fo formed that the materials 
thereof are in equilibrium, independent of the cement that 
may be ufed between the dones or bricks ; the principles of 
which arches will be found in our articles Arch and 
Bridge ; but for the common bridges for crolfing of canals, 
v/hich are w^intcd in fuch great numbers, flat femi-elliptical 
arches have been, in general, adopted, on account of fuch 
giving width for the canal and towing-path underneath, 
withuiU raifing the top any unnecclTary height, which fo 
enhances the expence of landing up, or forming the Hopes 
to the bridge. ]Prom the habits which nccefiity has in a 
great meafure introduced with canal bridge-makers, of ufiog 
only the beft materials, performing the work with great 
care, and not ftriking their centres too foon, fuch bridges are 
found tQ Hand tolerably wdl^ although very far removed 


fitim an equilibration figure | yet inflances are not wanting 
on moft canals of their fettling, and even falling down in 
fome cafes. A kind of brick bridges have long tmee come 
into almoft general ufe on canals, o? which we have given a 
plan, fedion, and perfpeftive view. See Canals, Plate IV. 
figs. 40, 41, and 42. The form of thefe bridges is welt 
calculated for faving of materials, and giving Hrength at the 
fame time, the whole of the walls being more or lefs batter- 
ing, and the fide walls are fplayitig outwards at their endf, 
to make the entrance on to the bridge the more eafy, by 
which the fide walls are rendered curving inwards in every 
part. In the building of bridges the utmoH care muH be 
taken to fink the foundations down to found fluff, or to 
drive piles on which to begin the work ; it is a good prac- 
tice to have wedge like or arching bricks made, on purpofc 
to ufe after a certain number of courfes of key bricks, or 
thofe forming the fofits of the arch, and to introduce obli- 
que courfes of bricks for the more effcAual tying of the 
work together, as we have mentioned in fpeaking of tun- 
nels. Large bricks made of the befi earth and well burnt, 
fhould alfo be ufed, placed on edge upon the top of the 
walls of the bridges, as a coping, unhffs very good flone is 
near at hand, the top corners of the coping bricks or ftones 
(hould be carefully rounded off in the making, in order that 
the fame may prefent as few angles as poflible for the wea- 
ther or the traffic to catch hold of. 

Wc have before mentioned the care which ought to be 
taken in every inflance, to find fluff with the leait poffible 
expence of moving it, for landing up the bridges ; from 
thefe having, in fome infianccs, been left too fleep for the 
convenient and fafe ufe of the public ; it has not Wn un- 
common, in later a£l8, to make provifions on thefe fubje^ls ; 
on the Grand IVeJlern it is enaded, that the afeents to the 
bridges fliall not exceed 2^ inches in a yard, and on the 
Wilts and Berks this rife is limited to 3 inches in the yard at 
the mod. The width of the carriage-way, on the bridge, 
in the narroweil: places, is alfo fixed in fome ads, where- 
in wc have ften 12 feet mentioned as a limit in fome 
cafes. Wc have before obferved, that the canal ought, if 
pradicablc, to be conduded into deepifli cutting, wherever 
a brick or flone bridge is to be eroded, in order that the 
fluff may be thereby procured, for landing up each fide of 
the bridge, and that the abutments of t)ie bridge may be the 
more folid, and the foundations more likely to reach found 
fluff, without an extra depth of walling, or the neceflity of 
piling for fuch purpofc. On this account it is, that the tail 
of a lock generally prefents a proper place for a bridge, and 
where the walling, which miiil nave been made for wing- 
walls, below the lower lock-gates, is avoided, or turned to 
account in the bridge. In places, where from the great 
traffic that is to be expedtd, or other caufe, a towing-path 
will be wanted on both fidcs of the canal, the bridges (hould 
be made on a fcale large enough to admit of a towing-path 
on both fides under the bridge, as in the two or three bridgea 
nearefl to Paddington bafori, on the Grand JunPion. 

For occupation, or accommodation bridges, and even on 
fome public roads, as on the Sankey canal, and others, a 
kind of fwing or fwivel bridge has in general been adopted,, 
of which fome mention has been made under our article 
Bridoe. Sec^. 43 Caneds, Plate A flat platform 

of wood (Irougly framed together, covered with planks, 
and having fide rails, is prepared, wide enough for the 
purpofes of a bridge, and about half as long again as 
the canal is wide, in the coiitrafted walled part intended for 
the fwing bridge. One end of the platform for this 
bridge is framed as light as can be confiflent with ftrength, 
and the other very heavy, with provifion for flowing large 
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ft ones or pi^s of caft iron tlicrciiiy fo that the fame will 
red in equilibrio on a point at about onc-fifth of its length 
from the heavy end ; under this pointi a large circular plate 
or ring of cad iron is fixed, liaving a finooth ciiCular hollow 
funic therein. An exaflly fimilar plate is euiheddcd, and 
firmly fixed on the folid wall at the fide of the canah except 
that this lad hns a ftrong iron centre or point Handing up, to 
enter a hole* lunk in the upper plate to receive it* On this 
pin the bndirv- is liifpoudcd in ovjuilihi io, «ind in order that no 
impediment may arile fo tiiriiing the bridge round, when its 
balance is by any circnmilancc deihoyed, a number of 
fmooth cad iron balls, of two and a half or three inches 
diameter, are placed in the circular groove or hollow ring 
in the two plates, v.diich aifl cd’ec\ualiy as rollers for lefTen- 
ing tlie fridion between t!ie circular plates, in turning t}»e 
bridge on and off the canal ; or, a ring containing feveral 
rollers [fy, .';5 and 47), is fiibdituted iudead of the iron 
balls above-mentioned, between the lower and upper plates 
41 and A rcccfs is formed on the bank juit to rtoeivc 
the bridge, wlien a boat is to pafs, and wdien the bridge is 
turned acrofs the canal, each end of the bridge (wdiich ends are 
rounded iiito circular arcs, druckfromthe centre pin),(lide8on 
to a fimilar circular rccd's in the road, with a firm beaiing 
at a very fmall didance below the ends of the bridge, when it is 
in equilibrium, on the centre pin and balls or rollers ; by this 
arrangement it happens, that the hcavied loaded carriage .croff- 
xng the bridge, is not able to deprefs cither end of the bridge 
on which it palfes, in any fenfible degree. The engineer 
fhould carefully avoid the ufe of thefe fwiiig, or indeed 
of any move*able bridge, where the tow'ing-path is to change 
from one fide of the canal to the other, becaufc the bridge 
mud remain acrofs the canal until a barge in paffing, is got 
near enough for the towing-horfe to crofs over the bridge, 
and the bridge mud then be turned off the canal before the 
boat can pafs, and it continually happens, uiilvfs the towing- 
line is of great length, or is cad off at feme didance before 
the boat arrives at the bridge, or the greated dexterity is 
ufed, that the boat drikes the bridge before it can be turned 
off the canal into its recefs ; where feveral boats tre clolely 
following each other, there difficulties are much increafed, 
and great delay mud take place, or the bridge will foon be 
knocked to pieces. Swivel or turn brhlgcs have fometirnes 
been erected on the towing-path fide, but they form there 
a mod fcrioiis obdaclc to tiie towing of boats ; and on that 
account are generally placed on the off bank, and as no 
methods have hitlicrto been brought into general ufe, of 
turning on or (hutting fuch bridges for perfons to pafs over 
tliem, except the perfons, or fome others, arc at the time, 
on the fame bniikof the canal on which the bridge ftands, in 
order to turn it over the canal ; this has occafioned the 
neceftity of claufes in every a6t, or fet of bye-laws, requuing 
boat-men always to (hut to every fwing-bridge, or draw- 
bridge, as foon as their boat has paffed. The great lofs of 
time and labour in thus continually turning the bridges on 
and off, the wear that fuch continual ufe occafions, and the 
frequent damage which fuch bridges fuRain from boats drik- 
ing agairid them, if, by the lead delay ot the boat -men or acci- 
dent, they arc not turned off before the boat gets up ; have 
occafioued our thinking a good deal on the fubjcct, in hopes 
of devifing fome method of turning the bridge on when 
wanted, from edher fide of the canal ; becaufe fuch a con- 
trivance would authorife the alteration of the prefent regula- 
tions, and require each fwing-bridge to be left open, and 
out of the way of the navigation, except during the time 
that it was aihially in ufe, by perfons or carriages paffing 
over it : another material evil would thereby alfo be re- 
medied, llvat is, the difficulty which now cxifts of prevent- 
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ing the farmers^ cattle, in the fields on the off fide of the 
canal, from palling over the bridges, and cfc.'»ping along the 
towing-path, without an expenfive circle of fencing and a 
gate to lepai-atc the bridges from the fields, for no gate or ob- 
ftacle can conveniently be made on the towi.^*.path fide to 
obdrud their paffage. Chains and pulleys under the canal, 
and motion conveyed upon Ihamn/ys patent principle, iu 
pipes under the fame, w^ere confidcred among others, as the 
means of turning the bridge on, when wanted ; but, our 
fpcculations hereon were, happily, at the moment of writii;'.^ 
this (October 18^5,) interrupted by the information of a 
method, which was liicccfsfnlly brought into pia<5ticc very 
lately, by Mr. llrnjiunin Bevan, the engineer rvon the mill- 
dlv didricloi the Grmid Juvn:on canal, vi%. near the dcaui- 
cnguie on the Wendover branch, where a fwing bridge of 
the common conduiAiori, with a railing or fence on each 
(idc of it, has an addition made to it, f)n the fide tliat is 
next the canal when the bridge is open, or iu its recefs, at 
about threc-fourtlis of its length, fiom the centre pin on 
which tlic \vdiole turns; this confids of a i»b like lliat of a 
crane, or the bars that are fometiines ufrd for Hopping 
carnages at the ends of Hreets : an upright piece of wood 
is hung by two hooks and tliMiibles, l:ke tliofc of a common 
gate, to the Handard or upriglit on the fide of the bridge ; 
to the top of this a rail of 4 or 5 feet long is fixed horizonudly, 
fupported by a brace underneath, from near the bortom 
of the upright piece; on the top of the horizontal piece 
arc two drong daples fixed, adapted to receive the tliicked 
end of a very (lender and light pole, fuch as arc ufed for the 
handles of hay-rakes, but they mud be longer, and ratlur 
larger for wide canals ; a nail drove in between the Haples 
thiough the pole Tuxes the fame, and makes it form a light 
and cafily renewable continuation of the top rail quite acrofs 
the canal, fo that a perfon, wanting to crofs the bridge from 
the towing-path, can take hold of the end of the pole and 
pull by the fame, and thereby turn the bridge over the ca- 
nal ; or, if a perfon has eroded the bridge towards the low- 
iiig-path, he can with equal facility take hold of tlic end of 
the pole and (liovc the bridge round to the other liclc. The 
hinges of the jib that carry the pole are fo adapted, that the 
pole has a tendency to hang direftly acrofs the canal, to the 
mod convenient point for being taken hold of ; but, at tlic 
fame time it is with the lead force turned n.und on its 
hinges until it is brought along-fide of the bridge, and quite 
out of the way of boats that are paffing. Tb’s vei*y fimplc 
and cheap apparatus, we arc lold, an(wc*rs tfftddually ; no 
impediment is offered to the hiirfe or towing-line ; but 
when a boat arrives, wb.atever part thereof diikcs agaiuH 
the pole, it recedes and fuff^rs the boat to pafs, and then 
by its own weight refumes its fituntion acrofs the canal, 
ready for turning the biidgc. The folid part of the jib is 
not made long enough to be liable to be druck by the boat, 
or a man Handing thereon ; and poles in plenty, of the pro- 
per fizc and length, can be in readiricfs, for replacing in a mi- 
nute any pole which is woi*n out or broken by accident. 

Ihidges which have no towing path under them, prefent 
a frreat obdacle to lowing, becaufc the line mull in thofc 
oaies be caH off from the barge; except, occupation bridges, 
like the wooden one at Ilottcrdam in Holland, could be in- 
troduced, where the bridge, we arc told, confids of two fepa- 
rate fegments, each fupported firmly on its own bank, and 
leaving a (lit quite acrols the bridge for the* towing-mad to 
pafs ttirough, anfl thus they avoid calling off of the line : 
this flit need not be fo wide but that foot piffengers can 
with cafe and fafety ftep acrofs it ; and, on the paffage of 
horfes or carriages, a moveable flap turning quite fiat back 
upon hingesy might be turned over to complete the road. 
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Where fwvivcl bridges of gi*cat width and flrengtli are re- 
quired, and need but fcldorn to be turned off, tis for admit- 
ting (hips at high water to the India and London Docls^ 
double wooden or c?(l iron fwivel bridges are in ufo, with a 
moveable fiame under each part, conuituting parts of the 
libs of the bridge, which frames turn on a hinge or joint, 
and are taken up o^* fufpended hy a ferew' at the other end, 
( i) clear the walls of the bridge when the fame is to be turned 
off ; and which, when the bridges are turned over to meet 
in the middle, can be let down by turning a winch, fo as to 
fall in ilrong gnmves pn pared in the copings of the walls, and 
complete the ahutments of the ribs of the bridge, as (Irongly 
ahnoll iib a fixed v.oodcn or iron bridge could be m,’de ; an 
excellent example of which may be feen in Wapping ftrect, 
crofiiiig the entrance to the Loudon DoiLs, as mentioned un- 
der the article Bridge. It ajg'cai’S that Mr. IL ShadnveU 
was rewarded forfome impiovcments l^' lu ivel-hiiclges which 
he fuggcllcd to the Society of Arts » their Triwfanions^ 

vol. xiii. page 227. 

Dra^zu lind^is are not uncommon ns acctjmmoJatioii 
bridges on I'ome canals : the frame or platform of tlunn, with 
tlicii fide rails attached, is movcahlc on ft rong lunges upon 
the top of the wall or one fide of the canal, anti when clown 
flints into a groove piepared on the oppolite wall, fo as to 
prefent no projection or ohftacle to tlic road ocer it. For 
raifiiig thefe bridges, two llrong and tall pofts arc fixed up- 
right on the bank of the canal a little behind the hinges of 
the bridge ; on the top of thefe pofts arc two very long and 
taptring pieces of timber called balance beams, which turn 
on a hinge near their middle, their fmall ends being enn- 
ne£led by chains to the further end of the bridge, to which 
the thick ends of the balance I tarns are made to be a coun- 
terpoife, by means of lead or iron nailed on to the fame if 
neceffary ; when the bridge is flint, or prepared for pafling 
over, the balance-beams reft nearly hor.zontal, there being 
a chain attached to the thick end of each, which hang down 
and can be reached hy a man or hoy, and by pulling at 
which, he can rear the bridge up upon its liinges for boats 
or vcffels to pafs. For crolli ig the t)ocks in idicrpool in 
different places, very large chaw-biidges arc in uF, fup- 
pofed to be the largcft in England. Bui we arc informed 
by Mr. Rtnnif, an engineer of the firft eminence, tliat 
he has feen much larger draw bridges in France. On 
the Forth and Clyde canal the draw-bridges arc double, 
meeting in the middle of the canal when (hut down. It ap- 
ears that the Chinefc have a fort of draw, or rather Aiding 
ridges over the piers of the flood *gatcs of their catials, 
which, to prevent interruption to the malts of vtflVIs, arc 
conilniiBed fo as to be calily withdrawn when vt fills are 
about to pafs ; they are fiat wooden bridges, narrow and 
light, refting on rollers fixed in llieir frame, and running 
on a couple of loofe fpars that are withdrawn after the 
bridge. Wooden bridges arc very often wanted for carrying 
the towing-path over the entrances to docks, or tlie ikle 
branches of a canal, and from their great Ipan, to avoid a 
javrow place at the turning; thefe are often attended with 
ronfiderable expence ; they Ihould be couftruded of very 
found and durable timber, well truffed, and as light as is 
confirtent with ftrength, as they are feldom made wide 
enough to he uftd except by men and horfes. We cannot 
too often advife that bridges of wood or iron, and ftune 
ones alfo «f large fjjan, fliould be wider at the abuimcms, 
and dimmifli by a proper curvature of the fidvS to the middle,, 
to prevent the llraiii of the materials on a fudden lateral 
impulfe, from caufing them to give way and cripple fide- 
ways. 

'l^lic ingenuity and enterprift of Briiilh artillc have given 


rife within the laft jo yeai a to an iiuprovement of the firft 
importance to river navigation, by the iiitrodudion of eq/l 
iron bridges of great fpan and height, by the adnptioi: of 
which, in favoui*able fituations, (hips may he admitted fin- 
thtr up into our large rivers ; and in almoll every cafe, the 
impediments to navigation may be removed that arc occa- 
fioned by the narrowiitfs and lownefs of the arches of our 
old (lone bridges, which not only exclude or interrupt the 
towing-path and neccffitatc barges to lower their malls, but 
in gtiural caufc fiich a fall in the water, owing to the defi- 
ciency of their water-way, as to be dangcions and impafiable 
at paiiicnlar lliitcs of the river. Ni.ar CoaJbrock-dale on the 
Stveni river this improvement was firll carried into effed, as 
particularly deferibed in our article Bridge.^ A pvrfcd 
model of this bridge, which is 100^ feet fpan and 45 high 
witliin the arch, was prepared by Mr. Abraham 
who call the fame, ai:d p’efented to the Society of Aris^ 
in w'hofc colicdion it may be feen by any one wlio applies 
in the Adelphi : fee their Trrr fusions ^ vol. vi. pages 228 
and 232. Build w’as bridge of iron c)ver the Severn, WMthiu 
two miles of the formrr, we have already dcfciibed in the 
aiticlc referred to. and have only to add, that Mr. Thomas 
Telford, the engineer of this bridge, has given a plate of the 
fame in Plym I ds y(v ricuitvral liiport of Skrop/lure, page 3 ] 6* 
For the principles on which the Wrarmoutli briilge, which 
we have deferibed, is formed, Mr. Rowland Jiurdon on 
the jSih September t 79 .> took out a patent, which fee in 
the Repertory, vol. v. page ,361, where a view of this very cu- 
rious llnidure will alfo be found. We are forry to add that 
we heard lately in converfation, that this bridge lias (hewn' 
fymptoms of twifting or giving way fide-ways, wliich have 
greatly alarmed feme perfons for its fafety. The caff iron 
bridges at Bridgewater on the Parret river, and at Staines 
on the Thames, have betn mentioned in our article referred 
to above ; the latter, owing to the miftaken economy of 
the tii’ffcef, in hu^illg vauUs madt* in the abiitmcntF, w-liieh 
ought to liavc betn of lol d n'afoniy, gave way, and has 
been enlirtly taken down, as tlic new floiie bridge creeled 
before it, was obliged to be from the fame caufc. We c.m- 
not enough admne tl»e priidert precautions of the filodf 
committtc of the Heufe of C’ommons in 1R20, who in\^lli- 
gated thcdifterint propcff ils (or rtluilding of London bridge. 
(See TiHoiFs Phiiofophhid vol. x. p?ge 13.) Tiiey 
coiifulttcl the opinions of the mo!' trnintut proftinonal men, 
and had a very acciu'ate fet of inodcl.s, coiiftru<5Ud ui brals 
by Mr. Berne, ilie fuccellbr to the celebrated Rawfhn, un- 
der the diredion of Mr. Aiwond, for illuffratiiig the nature 
and properties of eqiiilibiium arches. Oncol the dtfigiu 
which were prcfci.tcd to this committee, and which Imi* 
fince been engraved by Mr. /i^ifm / c> ^7 cry and puhliibcJ, is 
tliat of Meflis. Telford and Dor fe:, t u- a Tingle arth of call 
iron of 600 feet Ipan, and lini.g C) \ feet above lugh-watcr 
maik : as this fclKme ha.s lu.t yet, 5 1 r ever may be carried 
into execution, it would be fwilling the prefent article too 
much to detail tlic excellent proviiicn:. \vln\h the contrivers 
had made, for the cxecnliou and liability of this grand work. 
We proceed, tlieirfort', to mention, that Mr. Fulton, in his 
treatife fo ofren before queaed, has given defigns (plates 14, 
13, and j 6), and c.splaiiKcl tlic piinciples, page x:o, of 
dilferent bridges of caff iron. On the 2.;th May 1796, Mr. 
yames Jordan toc-k out a patent for conffrudiiig bridges 
wldch Inould be fufpended from ribs of iron above ; fee 
pertory, vol. \i. page 220, and on the 7th February 1797, 
Mr. 'John Najh obtained a patent for a method of conffruA- 
iug bridges of hollow' quoins of iron, that can be filled with 
n;afonry or other folid matters after the bridge is put tege* 
ihcr ; the piera of bridges be propofes in like manner to con- 
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ilruft of hollow cafes of iron, to he rilled with mafpnry after 
they are brought to their proper places : fee Repertory, vol. 
vh page 361* Of wooden bridges for large and navigable 
rivci-8, we have given an example in the once juftly famous 
SchafFhaufen bridge over the Rhine^ in our article Bridge. 
Mr. Fulton mentions a very famous one at IVeU'tngen in Swit- 
y.erland ; and has given us dcfigns for bridges for newly fet- 
tled and woody countries, wherein large timbers dowtllcd 
together, fupply the place of kcy-iloiic, above v^Uich the 
platform for the road is to be fupported. The fame gentle- 
man has propofed in conftru6ling the above kind, or iron 
bridges that are very flat and low, to cbtain the ncccflfiry 
ftability of the hutments, by continuing the line of key- 
timbers or ribs with their proper curvature for fomc diilance 
into the bank on each fide. We have before fpoken, under 
the article Bridge, of the proper form of the projecting 
angles of the piers of a bridge, and flicwn that for navigable 
rivcis, ftiarp corners fhould be avoided, from the damage 
that fuch might do to the bor.ts and veHels. 

Bridges wm be wanted in the conllruCtioii of rail-ways for 
carrying the raihroad over livers, fudden valleys or road;; ; 
fome of thefe may require call-iron arches ; foinj of them 
muft be oi ftone or brick ; hut oftencr, fuch may with pro- 
priety be conftruCted of wood, taking care that they are 
cfFediually trufled, or formed on the belt principles, alfo 
that the joints are cfleCtually fecurtd from wet, and the 
whole covered wdth a coating of mineral tar or paint, to be 
renewed from time to time to keep out the weather. One 
other thing remains to be mentioned lefpcCtin^ bridges, i. e. 
owing to tlie contraction of the canal and curvature of the 
towing-path at a bridge, the lowing lines are apt to fret and 
wear away the corners of the 'bridges, occalioning alfo a 
great walle in ropes ; for reliiedying this, light hollow cy- 
linders of wood arc placed upriglu, or nearly foy according 
as the w^ll in upright or battering, at all the corners of the 
bridges or other obltruClioni to the cl.uCl line of the tow- 
ing-path ; thtfe cylinders being hung on centres or pivots, 
at top and bottom, they turn round by the aCiion ut the 
rope, and prevent friClion and wear. 

The ICo'w'in^’Paih, horfe-paih, or hnuling-way of a ca- 
nal, fliould alv/ays be on the lower luie if practicable, the 
traflie on tlie fi.r.e liav/ug a tei d.ncy 10 c jnlcliJate the new 
made bank, to prevent the aceumuh.tion of weeds and the 
harbour of verminc, that by lodging in and perforttiiig the 
bank might endanger the kiit.e. The towing-path (liould 
change as little ai; pcfliblc from one iidc of the canal to the 
ether, and when this is iinavoidabh, it ihould be always 
done at fome fixed bridge, to avoid the incoiivtuitncks befoie 
pointed out j the change ought never to be made in deep- 
cutting. as has been done near Tring 0:1 the Grand ^unc- 
ttGti, Tile towing-path ought never to be interrupted if the 
fame can be avoided ; and, bcfidcs having a way under all 
bridges (except thofe where a change of hies i;. to be made) 
we hope to fee the example lollowcd, wliich has been ftt at 
Atcham on tl.e Shrswjbury^ and Newbold on the Oxjvrd 
canals, of continuing the towirg-patli tlirough the tunnels, 
w'hercvcr |lie fame ihall appear practicable. On the pro- 
pofed Rude and hauncejlun canal, it was i«.itndcd to form a 
towing-path on both fides ; a hint that may prove vti y ufe- 
ful in Tome Istuations of greater traflic, than there ever was 
likely to be on this canaL It is often provided in the aCt, 
that the towing-path may be ufed by the owners and occu- 
piers of land on the line as a bridlc-v. ay, or a« a drift-\ray 
for their cattle ; as on the Jfjhhy d: la Ztuch^ Grantham^ 
JidcefitiJFire and NGrihampton/Ltre Unkn, Oakham, &c. Frc* 
quently, permilSon is given to perfoiis to ufc the towing-path 
asm foot-path or bridle road, and we think it would in fome 
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Inflanccs be proper to obtain the powrr of levying a fmall toll 
onhorfe paflengers ; if the coinpr.ny fhould pt any future time 
fee it right by public noiirc to permit their towing-path to he 
fo ufed. It fecins inapplicable toth** purpofe of a towing-path, 
to make public drift-ways of the..' in any cafe, on account 
of the damage wdiich looff cat tic would do to the banks 
and fences, and the irnn .buKiits v^bjc]l dirwes of cattle 
would prefent to the liaiilingdioi fes and lines. Informing 
the towiiig-patli, care inufl be taken to make the ground 
found, and to cover it with a piopcr tlucknefs of ^ood gra- 
vel; and we cannot but recommend the Taking or forting of 
this as it is laid on, throwing the large or incgular llonts 
forward to be covered with better giavtl, fo that the fur- 
facc may be fmooth and even, wiihoul rough and large 
ftoiics to throw the hories down, and rendtr the ufc of the 
path unplcalant. On tlie duke of BridjrefwaieP^ canal, 
where proper materials for road-making arc very fcarce, the 
fliale and flates, or refufe coals from the mines arc brought 
eiut and calcined, or burnt in very large heaps, the cinders 
of wliLli arc ufed for making and repairing the towing-paths 
upon his canal. The height of the towing-path ought not 
to be lefs than one foot, or more than two or three feet 
above the furfacc of the water, or top-water line. 

The /encimr of the Tides of a canal is a bufinefs deftrving 
of more attention than has been ufually paid to the fame. 
Qiiick-fet or other live fences ought by all means to be made, 
except in the cafe of a rocky country, where good and du- 
rable walls can be built at an cafy expence : rail or pale 
fences are vety improper, except in and near towns, on account 
of tlicir heavy expence in repairs. The continual weeding 
which quick-fences rcquiie, the gtcat injury which the 
plants fullain from weeds, if the fame arc at any time fuf- 
fered to grow up, and the damage which the pulling or 
hoeing up of w^'cds fo repeatedly, do, in wearing away the 
foil, and more or lefs expofing the roots of the quicks, and 
befides ihcfc, the plants being often wounded in their tender 
bark by the hoes ufed by the weeders, are moll ferioua dif- 
ficulties in the raifing of quick-fences, wherever our experi- 
ence has extended, except in the north- eaflern parts of Nor- 
folk, where the fpirited and intclligrnt tenants, that there 
abound, have a method of railing fences, winch they arc 
continually doing during the currency of their Icafes, that 
we arc happy, in this nilir.nec, of being able tvJ mention, be- 
caufe It has not yet, wc believe, appeared in print. The 
line of an intended hedge and ditch being marked out, the 
lirll ftep is to colled carefully all the lop-foil or vegetable 
mould into a ridge where the centre of the bank is to be, 
and il tins vegetable mould proves too abundant, the extra 
quantity i3 thrown into heaps further off, in ordwr to be 
nux^d with dung, or carted to fome parts of the land, wrhich 
w’unls a greater flaple of mould. Tins done, a row of fpits 
or lumps' of t urili out ol tlie ditch are laid carefully in the 
front of the bai'k, ai.d on tlicfc, when reduced to a regular 
lino by paring With the fpadc,the wliitt-lliorn fcls arc placed a 
little inclining ujA\aid;,at about fimi or fix inches apart ; care 
18 taken in laying in tli-j lets, that their rotits arc bedded in 
the vegetable mould, that is to form the centre of the bank ; 
when tins 13 done, another row of fpitn or lumps is dug out 
of the bottom of ihe ditch, and laid upon the quicks, which 
being patted down and levelled at lop with the fpadc as bc- 
fv»re ; another row of qiiick-fets is laid in, taking care that 
each plant iu the upper row is over a fpace in. the lower one, 
and that thtir roots are inclofcd in the top-foil. Other 
fods are then dug out of the ditch and piled op, with the 
proper fiope or batter, until the bank is raifed to the 
intended height ; the vegetable mould is then drelfcd up 
into a regular bank at the back, and the remainder of the 
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(\aff from tlic ditcli thrown over, and is afterwards care- 
fully fpread and hid up agauift the back of the bank, fo as 
entirely to enclofe the vegetable foil in a cafe of dead earth, 
or ftuir taken from below, where cultivation has depofited 
tlie feeds, or nature tlie vivipaious roots of fuch plants. 
Still fiirtlur to nccompiifh this exclulion of the foil in the 
bank, from tlic action of the fun, air, and other ftimulanta to 
vegetation, at a proper feafon in the fpriiig, a quantity of 
dead ewth is pared iqj from the bottom of the ditch, and 
worked and chopped about, until it is in the (late of puddle^ 
before devcrlbcd. The tops of the quick? are cut o{F nearly 
even with the ground, after lyhich, a labourer carefully 
plallers every part of the face if the hank W’ith this pre- 
pared or puddlc-like Ihifl'; and after it is laid on, having a 
pail-full of water at hand, to wet his fpadcin if neceflary, he 
works this plafler about, giving the flat furfacc of his fpadc 
cxadly tlie circular and plallering motions that plaftcrcrs ufc 
when at work on a ceiling or wall. If it fliould appear that 
frofts have mouldered down, or injured the facing of the bank, 
the fame is carefully repaired and worked again, as above, 
before the feafon for the vegetation of the quicks. As foon 
os the white-thorns have put forth their leaves in tht fpring, 
a careful labourer walks along the ditch, with a knife in his 
hand, and wherever a plant is milling, from among thofc 
v/hich have fliot forth, he digs in the point of his knife with 
care, to find and releafe the top of the fet, which other- 
wife might be fmothcred and confined by the plallering of 
the bank. The benefit of this procedure is inconceivably 
great, in ahnoll totally preventing the growth of weeds, 
and in confining the moilture in the vegetable mould from 
cfcaping in dry feafons. At a time in the fummer, when 
every part of the furface was covered with vegetation, we 
have with pleafurc examined feme miles in length of quicks 
treated in this manner, and although the quicks had made 
the fined flioots which conid be imagined, not a •veftige of 
vegetation of any kind befides was to be found on the bank ; 
and thus, with proper care in renewing the plaftering or 
working of the bank, many of them remain until the quick 
is grown up to be a fence ; and it is alnioft literally true, 
that weeding is here unneceflary, although no foil can be 
more congenial to, or worfc ftored with the feeds of annual 
weeds, than fomc of thofc were of which we have been 
fpeakiiig- The ditches arc made deep, and the fides of 
them as deep as the foil will (land in the general, fo that 
dead or guard fences are generally omitted on that fide ; 
and fo they are often on the other, or back fide, and a prick- 
hedge is fubdituted, which, with care, and the letting of 
(heep only loofe in fuch fields, anfwcrs the purpofc very 
well. Some time before the bank is made up to the intended 
height, the labourer goes along upon the top of it, (hovels 
od the loofe top, and tieaJs down the top of the bank fo as 
to form a flat of perhaps 12 or i.' inches wide; into the 
centre of this he drkes in his fpade, and gives the fame a 
lunging motion, fo as to open a narrow and deep notch ; 
lliis operation he repeats, until a notch of this fort is opened 
ihc vvnole length of th.e hank; he then proceeds to flick 
this with Ihoit and rough bufhes, fo clofe as to make a cum- 
plt'te hedge ; he tlieii throws up out of the ditch as much 
fluff againll the bufhes as will lay on the plane or tcip, in 
which the hedge is llruck, and beats the fame down rtrongly 
with his fpade ; the fame procefs is followed at the back of 
ihe hedge, by which thefe bullies arc fo fecurely fet into the 
bank, that they will often ftand until the quick is become a 
fence ; in places where the deiluidlive pilfering of the poor 
is properly repreff..J. Some may perhaps coniider us as 
going here too far into the fubjedof fencing, but we rcqucll 
of fuch to confijer how important the fubjed is to a canal- 


company, which may have lo raife much more tlian a handled 
miles in length of quick-fences, as was the cafe a few years 
ago with the Grand JnnHion canal company, and fomc others, 
fome of whom arc ftill feeling ihe very heavy burden ot 
weeding their quicks two, three, or four times annually ; 
which an adoptiiMi of the above piiueiplcs .vould, wc are 
certain, have tended to reduce moll materially. See our 
articles Inclosing, Fencing, ^c. 

The quick for a canal ou};ht to be pla»''ed a little above 
the level of the towing path, and be feparated therefrom by 
a fmall ditch, to prevent the towing-horfes from biting oi 
trampling on the quick ; but the piincipal ditch, where the 
fudden falling away of the off-bank dots not anfwcr the fame 
purpofc, ouj^lit inviiri.iMy to be on the field fide, for keep- 
ing the farmers’ cattle at a proper diilance from the quick, 
and to check their attempts at jumping through or over it. 
The quick ouglit not to be place d too near the towing-patlu 
and the hedges fliould be carefully cut and plafhcd about 
every twelfth year, both to preferve them vigorous and in 
good growth, and alfo to preferve the towing path clear. 
On the Oxford canal, near Braiinfton, we remember that 
the hedges were fo grown over the towing-path, in the year 
1799, that it was quite dangtMOus riding along, and tlie 
horfes wire diivcn fo near the edge of the canal, by the in- 
trulion of the buflios on the path, that the bank was fiifTcr- 
ing materially. In places where the canal is embanked, it 
will be proper to place the hedge at the bottom of the flope, 
in order to enable the company the better to prevent the 
growth of rank and large weeds, and the confrquent liar- 
bouring of vermin, w'lucli would lodge in the bank : fteep 
embankments might alfo be materially damaged by the 
treading of cattle on their fidts. Through common fitlds, 
or very large paflua*s, it is fonittimcs not neceflary to fence 
off the towing-path therefrom, but at the boundaries or. 
entry to fuch fields, a gate is placed in the towung-path, to 
prevent the intermixture or cfcapc of the cattle ; and gene- 
rally thefe gates are double, falling rather forcibly towards 
each other, by which conftru6tion the cattle are prevented 
from pu filing, or ihe wind from blowing open the gates, as 
would otherwife often happen. 

At the termination of every principal eftate or farm that 
adjoins the towing-path, it is ufual to place a fwing gate 
acrofs the fame, to j)revent cattle getting away, in cafe 
they fliould break, or by accident get into the towing-path. 
Cylinders ihould be placed, as before deferibed, againil each 
of thefe gates for the towing-line to run upon ; and fide rails 
fliould be placed inclining up to the top of the polls, to af- 
filt the rope in getting over the fame. 

anu tiler expenfive bufinefs, of which a canal 
company will have a good deal to perform, in moll cafe.s. 
Soon after a canal is filled with water, and often focner on 
the iqiper fide, owing to the conrfe of the land-fpring'?, and 
thofe of a more permanent charader being inter cej.'tecl by the 
puddle ditches, wet places will appear on the l.md, which 
would, if negledlcd, become unfit for cultivation ; thefe are 
often of conlidcrable extent below the canrd ; and tlri com- 
mittee of the canal company mull not be furprized at hearing 
the farmers attribute many wet places in fuen liuirtions, to 
thefoakage of their canal, that rc«.!l\ are not afleCtai thci*e- 
by. It would be of ufe, and the fource of much fatisfac- 
tion, if the rtlldcnt engineer were to note down in his book 
nil the wet and fpringy places tiiat app.-arcd on the Hoping 
land, below the level of the canal for a conlidcrable diftance, 
and the condition cr riiu of water from each before the ca- 
nal was made ; beenufe the appeamiice of new quewches, as 
the farmers in many parts call them, or the incrcafe or cu- 
largemcnt of others, is often the firfl and only indication of 
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sin iocmfingr and hui tful leak from the canal. The com- 
mittee fhould not be nice in drawing the line, as to the ex- 
tent of draining which they order to be done ; but it would, 
on the contrary, be highly to the credit of their concern, 
and the intcrcft of future canal fehemes, to bear the whole 
or a portion of the expence of tfFcftually draining all the 
land, whofe wetnefs tould, even in miftaken prejudice, be 
aferibed to jthcir canal. The execution of thefe operations 
ought not to be confined to the quackery of boring a hole 
here and there in a trench, without any theory or mtaning ; 
but the rcOdent engineer, or fome profcilional man employed 
exprcfsly for the purpofe, fhould, by a Judicious application of 
his experience and knowledge of the Jlrata in every place, apply 
that particular method of draining, as to the fituation and 
depth of the drains, &c. which every fpot may require. 
And thefe operations are more various and important than 
what any per Ion, who has not made the fubjedt his particu- 
lar iludy, can poffibly be aware of. See our article Drain- 
ing. There is a danger attending drains made near a canal, 
from rats or moles working ihiir way unobitrvtd beneath 
the furface, between the drain and the canal ; for dctcfling 
which, or other leaks, it will Le proper for the relldcnt en- 
gineer to enter in his book a minute defeription of the fitu- 
ation of the mouth or vent of every drain, choofing fituations 
for the fame, when they are made, in ditches, wlicrc they 
can be readily got at, and not be liable to be damaged by 
time, or the treading of cattle. The length and direction 
of every branch of under-drain which vents at that mouth, 
fhould be noted down, and the quantity of water which the 
drain difeharges fliould alfo be carefully efliniatcd, at fome 
fhort dillance of time after the fame is tinifaed ; and a regu- 
lar and periodical infpedUon of thefe drain-mouths by the 
engineer with his book in his hand fhould be made, by which 
any fecret leak could hardly fail of being deleted* It is al- 
mofl unnecefTary to point out the importance of an attention 
to thefe circumllanccs, in fituations where water is very 
fcarce. 

The conftrudion of Boats for canals and rivers Acquires 
fome notice in this place. Mr. Chapman^ who has given 
iorac excellent direftions refpe<Sliiig the form of boats leall 
liable to overfet or be injurtt* by heeling, h.ib vc>*y properly 
obferved (Ohfervations^ p. 102.), that the area of a crofs 
fedion, of a boat 10 be ufed on a canal, ought oot to ap- 
proach fo near to the area of a crofs fedion of the water in 
the canal as i to 3, or confidcrable inconvenience %viU arife, 
both from the incrcafcd refiftance of the boat, and the da- 
Hiage to the banks, from the counter current to fill up the 
Ipacc the boat leaves in her rear. This circumflancc re- 
quires particular altenliou, pariiculaily in boats th«it are to 
move quick, like the paffage-boats from Manclwliev and 
Paddington, on Bridgewater^^ and the Grand Jmdkn canals : 
Jft the former of thefe, we obfervtd a conflant elevation of 
the water before the paflage boat, as it moved along, of at 
Icaft 9 inches, and perhaps more than a foot at times ; and 
the rapidity with which the water ran backwards, between 
the beat and the fides of the canal, appeared to have a moft 
deftrudive effed upon the latter, particularly on the towmg- 
path fide ; and often this was laid quite under water, for 
confidcrable dillanccs togethtr, by the furge or wave oppo- 
lite to the head of the boat us it puffed along : while the la- 
bour of towing vvsa moll materially inci'ealtd. We regret 
that we had not the means of afeertaining, how much the 
head of the boat was elevated upon this artificial wave in the 
general, and up which inclination the towing mules were 
coiiftcntly drawing it. Some attention ought to be paid to 
the form of the head and forepart of the boat, with a view 
to its letting the water pxfs freely off by its fide : flat headed 


boats, and thofe whofe ends arc rcAanguIar in particulart 
ought not to be towed fall, or great lols of labour and da- 
mage to the banks will be the confequence, unlefs the canal 
is very wide and deep. It has been propofed to form boats 
(harp at one end ancl flat at the other, to that the flat tnd<> 
being joined, two of them may form a body, diminiihing pro- 
perly at each end, for cafy paffnge through the water, and for 
fteerage. Mr, Nicholas King^ an American, has propofed 
boats in four purls, that can be detached when the fame are 
to pafs an inclined plane, and be afterwards rejoined. Since 
the uft of caff-iron has become fo general, Mr. fohn f/'i/- 
Iwfon has conffniftcd boats and barges of iron, tome of 
which are ufed on the Severn river, and others upon the dif- 
ferent canals in Staffordlbire, Worceffcrfliire, &c. Mr, 
Rolert Fu/tott, in his Treatifet p. 31, has propofed and dc- 
feribed a kind of rcftangidar boxes, with low wheels (or 
rather trucks, as the axle and them are to he caff in one 
piece) fixed under their bottoms, to be ufed upon canals 
inftead of boats, on account of theufe which he prepofes to 
make of them, upon inclined planes and rail-wavs, as well 
as on the water, ck we have before mentioned. Mr. William 
Chapman, who has examined this fyftcm particularly, in his 
Oferva.i.ns, has propofed and given drawings of wheclcd'- 
bo.Hli* of a d]fl(*rent conflruilion, larger w'hteJs let into the 
bottom of the boat being uftd ; and his boats arc fo con- 
trived, that fcveral of them, linked together by their ends, 
can be ufed togtihtr cither upon a canal, or a rail-way, or 
lane. The fame author has recommended and dcfcribcd a 
ind of fiat-bottomed boat, with a finglc or double rail-way 
on its door, wlrrh he propofes to receive or difehargt a 
loading of rail- way wa;rgons, as it lies in a (hallow dock, 
from which the w'ater has been di-awn, and to which it is to 
be again admitted when the boat is to float out into the 
canal. For cafe in getting loaded waggons in and out of 
thefe boats, a pair of leave^*, or water-tight flaps, arc con- 
trived to let down, and permit the junction of the fixed rail- 
way on the land and the pari thereof that is on the floor of 
the boat. A curious method of fteering boats is in ufc on 
the Bcdfoid, the Cam, and others cl our caflern rivers: 
two boats are always ufed together, one of them having a 
llrong pole, orbowd’prit, piojeding horizontaliy from above 
its prow ; this is broiigKt over the fiein of the bon which 
is to go before it, and the prow or ffem of one boat is faff- 
cued by a rope clofe to the ftern-poft of the other ; to the 
firil boat the towing-hne is fixed, and the bowsprit of the 
laff boat is ufed as a tiller to fet or retain the laff boat to any 
required angle with the tirll, by which the laff boat a6ls 
very cffcdlually as a rudder for ftccring the firft. Mr. 
Chapman propofes to adopt this principle w'ilh fniall boats 
upon canah. The wcff-country bargemen, on the 'Fhames, 
guide or Hop their boats, as they arc floating down the ilream 
by a long and (Irong pole, with iron prongs at bottom and 
a crofs handle at ixip, round which they dexteroufly wrap 
a (hori rope, fallened to ihc fide of the barge, when tlie pole 
has ft ruck into the bottom of the river. 

For fpeedily emptying the cargoes of fmall boats into 
larger vcfl'cls, Mr. Davis Dukart contrived, on the naviga- 
tion to the Dungannon Collieries, to float his Imall boato 
on to cradles or wheeled carriages, on which they were drag- 
ged up a (hort inclined plane, and upon a rail way cundu6Ud 
over the barges in the baton ; and then the boats could be 
turned over, and their contents fliot at once into tb.e barge. 
A different method, as Mr. Chapman informs us, is pradued 
in South Wales : it confiffs in continuing the canal (whic)i 
may be a wooden trough) to the place of difeharge, and ter- 
minating it on a catffon, fufpended on a tranfverfe centre ; 
tbe boat being arrived, at its place, the end of the canal i» 
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cToftd by a (lop-gate, and the fmall quantity of water con« 
taint'd in the caiffon (which the bqiit mould as nearly as may 
be (ill) being let out, the eaiffon with the boat in it may be 
turned over, aa already deferibed. 

The moving of BoaU upon canals or narrow rivers, where 
failing is impradicablc» has .always appeared attended with 
confidcrable difficulties* Where the width and depth of 
water will admit, long oars have been ufed, woiktd by one 
or two men on each (Sic of the vtflcl, as is done on the coal- 
barges and lighters on the Thames in or near London. On 
the Tvne river at NewcatUe, their keels arc faid to have 
been in ufe ever fince 137^, and arc rowed by an irnmenfe 
oar on one Jtde^ another being ufed at the ftern to llcer by, 
and couiueiMCt the tendency of this Urange mode of rowing. 
It is faid that the large oar is hu'^g by an iron ring, fo as to 
admit of its being laid on the gunwale of the keel, when not 
in life, bnt not of its being removed. Owing to the want of 
rcgiildr and proper path on which horfes could travel by 
the lidrs of rivers, the firll hauling or towing of boats was per- 
formed by men, as Ihll continues to be the cafe on the canals 
of China ; and in this country moll of our navigable rivers 
were without horfe towing-paihs till of late )car8. Within our 
recoUedion, ten or fituen men were hen tugging at the haul- 
ing line of a barge on the Thames^ in the meadows of Twick- 
enham. A good liorfe-palh now begins at Putney bridge, 
on the fouth lide, and continues uninterruptedly on one lidc 
or other of the river to the extreme points of the navigation. 
Thefe cflential appendages to navigation arc but now com- 
pleting on the Severn nver, which has been fo long famous 
for its navigation. The towing-path on many ot our old 
navigations is continually interrupted and broken off, by mills 
and other obllaclcs, witliout any bridges for the eroding of 
the towing-horfes and boys. On the Oufe river, below Bed- 
ford, we have obferved the towing-path to be interrupted at 
the end of almoil every field, by high and dangerous lliks, 
over which the ill-fated navigation -horfes have to leap, en- 
cumbered by their hainefs and the heavy rope. No regular 
path is maintained, in a great part of the diilauce, by the 
owner of the navigation ; but frequently the tine meadows 
there arc cut up, by the track of the horfes being at a con- 
fiderablc dillance from the river, acrofs the many bends that 
it has; and the farmer’s gra Ip, between this path and the 
river, is rendered of little value, by the foiling and dragging 
of the haiiling-ropc over it ; the banks of the river are alto 
miferubly \s*orn away, by hauling fo far from, and confe- 
quenlly io obliquely to, the diredion of the llrtam. In 
many places, where the river is wide, there is no track for 
hauluig, except along the bed of the river itfclf ; where 
often the herfes, with a wretched boy upon one of them, arc 
feen fomttimes wading, and at others fwimming, along the 
courfe of the river ! Nothing is more conjmon than feeing 
the horfes and boy have to fwim oyer from one fide of the 
river to the other, when tlie haulmg-way changes ; not un- 
frequently this is impradicablc, from the total want of a way 
©neither fide,' and the poor horfes arc obliged to leap from 
the bank, perhaps' when at a confidcrable height and dillance, 
into the head-rooin of the barge, to the great peril of their 
bones and neck: (ho rtly after, thefe wi-ctchcd animals, and 
probably with a boy on their backs, are forced to jump out 
Lain, and perhaps plunge into the deep nver and Iwim on 
fliore, to relume their labour of towing. A corrcfpondcut 
of Dr. Anderfnn \\z% expatiated (Recreations^ v. 318.) on 
the barbarous (iglit of fix horfes harnefredat Ungtli, towing 
a barge up the Thames above Putney, bjr a Angle line of in- 
fufTteieiit length, by which the hind horlci were in continual 
danger, in fpitc of their utmott exertions, of being precipi- 
tated into the river ; what would thia humane gentleman have 


faid, if his walk had been along the banks of the O'e/r, on a 
jpiercing winter’s day ? It is owing, in a great meafure, to 
the enormous difficullies and expence of conflrud^ing and 
maintaining a proper horfe-path by their fide, that the navi* 
gation of many of our rivers is fo imperfect. In all flat 
countries, except the river is embanked, as in Cambridgefhire, 
Lincolnfhire, &c. and without any wide wafli or fore-ground 
within the banks, the towing-path often cannot be made up 
ab<).ve the reach of the floods, but, during every floody fea- 
fori, will be under water and ufelefs ; and perhaps, when the 
water fuhfides, it will be found carried away by the force of 
the current for great lengths together. On fomc of our 
Canals, the pradice at firft prevailed of towing by men ; and 
the fame ftill continues on the Stroudvjater canal, whofc tow- 
ing-path hafi JHles upon it, like thofc of a foot-path, at the 
divifions of different perfona’ lands. Horfes are now, in 
general, ufed for towing boats on oor canals, except the laic 
duke of Bridgevuater^^iy who reared a large and fine hen! of 
mulcp, tliat were found to anfwer fo well, that none others 
are ufed to this d.iy, we believe, on that canal. Except 
with pafTage-boat?, and flics or packet-bonts, for the ex- 
peditious conveyance of packages and parcels, the ufual rate 
of tracking or towing upon our canals is about nl miles per 
hour, including the time loft in palling the locks, which, if 
of 8 feet rife, will require about minutes each. 

It is certain that there is hardly any limit to the load, 
which one horfe can move, in a number of barges attached 
together, when going with a proportionally flow pace ; and 
this bus occafioned fomc canal advocates to affert that one 
horfe will, on a canal, draw as much as 60 on the road ; 
while Mr. Robert Mmjhall has afferted, that hc^rfes will not 
be able to move more than 15 miles per day with deep laden 
barges on a level canal. On moft of the wide canals it is 
ufual to employ a horfe to each barge, or to a pair of boats 
of half the width each that the barges are. It appears, that 
on the Ketley canal, on Bridgewater % canal between Worfley 
and Mancheiler, and others, fcveral of the fmall boats in 
life thereon are linked together, and drawn by one horfe or 
mule ; there being projcSiiig and fmooth rails pnwlded on 
the Ketley, at all the convex points of the bankv to keep the 
boats in their proper track. Mr. Fulton lias imagined, thati^^ 
or 10 of his fmali redtaugular boats, linked together, could 
be drawn by one horfe, and be kept in their pioper line upon 
the canal by a man with a boot-hook walking by the fide of 
them on the towing-path. Beiides the mtihods of rowing 
and tracking, which we have been mentioning, on the Tyne^ 
the Thames^ and moft of our rivers, hitchers, fets, puys or 
poles, are ufed for fiioving of barges along : the gunwale of 
the keels or barges is made wide and convenient to walk 
upon, and the boatman, being at the head of the barge, fets 
h.s hitcher againft the bottom and (hoves againll it, walking 
along the gunwale of the barge until he has arrived at the 
ftern ; when he draws np his hitcher quickly, and returns to 
the head to repeat the fame operation, and this fofretime.s on 
one fide of the barge and fometirnei on the other, unlefs there 
arc two men fo employed, whofe equal adion could keep the 
barge in its dired courfe. This lall method might be more 
ufid than it is upon canabj but from the necellity which 
moft of them have found, for prohibitory' cianfes in their ad, 
agai'ift the ufe ef any pointed poles, particularly fuch as arc 
fli©d or tipped with iron, on account of the damage which 
fuch often do, by penetrating and difturbing the lining and 
banks of the canal, and cauling it to leak. We have heard of 
an attempt lately, to introduce a kind of hitcher- iron on the 
Grand yunffion Canal, which fhould prefeiit a flat end or 
furfacc, fufficient to prevent its penetrating the facing on the 
bottom or Tides of the canalj and having a fmall turn up at 
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point, which might remedy l\ie loud complaints of the 
boatmen, at being debarred a hooked pole on hoard their 
boat, by which a comrade, who has the miijioituue to fall 
ovei board or into a lock, might be diagged up to the fur- 
face of the water. Wc have thought that it might be worth 
while, particularly in crooked and difficult parts of a canal 
for hauling, mid whore rubble Hone or giavcl is in plenty, 
when a wide canal is cinling, to form the covering of the 
lining, or the (aciiig of the bottom, and perhaps of the lower 
part of the fides alfo, of gra\el or rubble inilead of earth, 
and carefully to level and latn or roll the fame down like a 
road, fothat hitchers might be ufed freely thereon as on the 
bottom of a river. There would Hill, however, require very 
llii£i and well enforced regulations, to prevent the walls of 
the brids^cs, locks, tuiintb, 5 cc. from being pecked and 
greatly damaged by the points of the hitchers. Slide-rails- 
will alfo be ncccflary, in and near the locks or tunnels, as we 
have mentioned in Ipcaking of the Blirwoiih tunnel, which 
can, w'ithoiit damage to rlic wails, be removed, when de- 
cayed or worn out. Before v\c proceed to the fubjeCt, that 
has perhaps produced the greatell number of unpradlifed me- 
chanical inventions that are any where clfc to be found, wc 
mean for morning boats by an impulfc from within or accom* 
panying them, we have one other tlnng to mention, viz. 
that Mr. James Jordan^ in his patent of the :4th of May 
1796, for bridges, before qnott-d, has propofed the ufe of 
circulating cluiins acrofs an aqucdn^l btidge, for towing boats 
over the fame ; and avoiding the exper.ee k f the extra width 
for, or lateral fiipport of, a tow'lrig-palli thereon. 

The volumes of the machines oppro’ued by the jicaeJemy at 
Parisi and the cabinet of M* (Is Servier^ printed in 
contain plntes ard dtferiptions of many different contrivances, 
dcfigned for profislliny^ or rowin'^ of boats on canak and rivers ; 
one kind of tlielc, which we rtufl lird notice, depends upon 
gaining an impulfc or hold agaifl the ground at the bottom 
of the river or canal ; in one of which, a fmall boat moved 
by oars was propofed to be employed in fucceffively cairy- 
inV forw’aids and dropping anchors whufe ropes Were to be at- 
taclied to a hovfe-gin on board of a barge, which w as de- 
li^rncd to tow or drag a great number of others. In another, 
a'fpiked wheel was propoftd to rollon the bottom of the 
canal, attached by a frame moveable on hinges «t the Hern 
of a barge, wlitrc a roller turned by a wnidi, was to give 
moiioii to tlie fpikid wheel and propel the barge, by 
means of an end'efs rope or chain. See alfo Walhcr^s 
Lcdluresy 410. page .350. A ftcond kind depended upon 
the fame principles as an oar, except in the conilrudioa 
and mode of applying the power. On the 20th of July 
1796, Mr. Thomas Potts took out a patent, for the life of a 
large flap or onr, moving an horizontal hinge, upon a 
framed lever at the Hern of a barge, iiucndcd when the 
handle of this lever was lifted up by fcvcral men, to turn on 
its hinge and prefeut but little icliHance; but on the defeent 
of the lever, its whole furface was by the adion of the men 
at the lever, to be exerted on the water for propelling the 
barge : fee P.cpertor^y^ vol. vi. p. 160. In the year 1801, Mr. 
Edward Ste;:rs took out a patent, of which wc have fecn 
.mly a ffiort extracl in the Monthly Magazine^ vol. ix. p. 486, 
Tom which we underftand his invention to differ but little 
from the above, except in h.aving two paddles or oars. Mr. 
Robert Bsatfen took out a patent, for applying the principle 
of hiffer boards or venetian-blinds to fcveral purpofes, which 
he Ins explained at length in his F^ay printed in 1798 ; and 
at page 60, piopofes to propel (hips by large oars or fins of 
this kind to be hung on the fides thereof by hinges, and 
werked by a lever, as a rudder is by its tiller { poles with 
fquare frames fixed on their ends, to pu(h againft the water 
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behind the vcflcl arc alfo deferibed. A third kind, depend- 
ing on the reverfe of the adiori of an underffiot water-wheel, 
has had many advocates ; the fiiR that we have met with in 
our own country, is Mr. Thomas Savery in if'fyS, whofe 
contrivances are (hewn in Harrises Lexicon Techuicimu art. 
Engine ; it confifted of 6 or 8 padJlrs like thofe of a water- 
wheel on each fide of the vcffel, fixed on an axis acrofs the 
fame, on which was a trundle head, and under this a wheel 
working into the fame, by the force of a capHan to be 
turned by men. We arc told, that in the year 17S1, the 
ahbe Arnal propofed to apply the power of a Hoam-enginc 
on board of a veffcl, for working paddles, fomething like 
the above, believe. Soon after this period, we remember 
feeing on the (lore of the Thames at WeHniinfter, a fmall 
barge with a water-wheel in a cavity in its Hern with a 
ftcam-cnginc for working it, which was faid to be the con- 
trivance of earl Stanhope^ and had been tried with fuccefs 
againH the tide in the river. In the year 1797, a veffe 
having rowers by its fide, that made iS Hrokes per minute, 
from the a6lion of a Hearn engine on board, was tried on the 
Sankey canal near Liverpool, by which it was propelled 10 
miles and back again to the fame place : fee Monthly Maga* 
zine, vol. iv. p. 75. In the fame year, Mr. fFallrr {iUts 
lefturcr) made forne experiments on ihc Thames at Read- 
ing, and caufed a boat to row itfelf againfl the ftream. 
Sec his LcRiires^ 4to. page 349. About the year i8co, 
Mtjfrs. Hunter and Dtekmfon took out a patent, for a 
propeller for (hips, which wos tried in January iBor, on 
board of a government (loop off Deptford on t!ie Thames^ 
and the (loop thereby made way againH the tide at 
the rate ol three knots an hour. Monthly Magazine vol. 
xi. p. 195, In the Journals of the Royal hifiitution^ about 
the year i8oi, there is a defcription of an improved applj. 
cation of the lUam-engine, to the turning of a wheel for 
propelling boats j the cylinder of tiiis engine is horizontal, 
and the wheel with paddles is in a cavity in the Hern of the 
boat, which therefore has two rudders, one on each fide of 
the wheel, conne6ted together by crofs rods. A veffel of 
this kind was conHnnfled for the Forth and Clyde canal com- 
pany, under the diixMioii of Mr. Symington the inventor, 
and in a trial made in Dectmber 1801, it drew three vcffcls 
of 60 or 70 tons bmtlun e.jch, at the rate of 2^ miles per 
hour on their canal: fee Agricultural Magazine ^ vol. vii. p, 
152.. We tvad in the lalt mentioned work, vol. ix. p, 2 j 8, 
that Mr. Robert Fulton exhibited a veffcl on the Seine at 
Paris, ill AuguH i8q], having two wheels with paddles, 
worked by a Hearn- engine, and that two other vtflels were 
towed by it againfl the Hream at th^ rate of 3 miles per 
hour. A fourth kind of boat propellers, has depended 
on the rotary motion of a ferew, or fliers like thofe of a 
fmoak-jack ; Mr. Daniel BuJhneU in his attempts to nnvi. 
gate fub-marine vcffcls, as related in the TranfaQiens of the 
American Philofrphical Society^ vol. iv. p. 30.3, ufed oars, 
placed utar the hdes and top of the vcfftl, formed upon the 
principle of a ferew, the axles of which entered the vcfftl, 
and by turning ihe fame o.nc way, the veffcl was made to 
advance or dtTcend, as it was to recede or afeend by a con- 
trary motion of the ferew. Mr. Jcbn Vidkr has contrived 
a veffcl, which has been lying, and occafionally tried in 
the Thames at WeHminHer, for 2 or 3 years paft, that 
has a boom hung by an univerfal joint (Kook's) at the 
ftern thereoi', to a rotative axis, turned by a capftan upon 
the deck of the veffel i at the end of this boom is fixed a 
circle of Hrong flyers, juft like thofe of a fmoak-jack, winch 
by ftrikuig the water obliquely as ih:: boom is turned round, 
propel the vcflcl forw^ards ; near to the flyers there is a collar 
on the boom that tuins eaiily therein ; to this collar ropes are 
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attached, which go to different part® of the ftern of the ▼cf- 
fel, and by which the boom, when in motion, can be drawn 
up quite out of the water, if its propelling a£lion is wanted 
to ceafe on any temporary occafion, or the flics thereof can 
be let* down into the water to any depth which may be re- 
quired, or be turned alide from the dire A line of the veffel 
to fteer her on any courfe, without wafting fo much of the 
propelling power upon the rudder as is ufually done in ftcer- 
ing ; a rudder is however applied to the veflel ready for ufc 
wlicii occafion may require- The fifth and laft method, 
which we recollcdt to have feen or read of, con fills in 
pumping water, bv a force-pump through an orifice or pipe 
at the ftern, or end of the keel of the veffel, with fuch force 
as to propel the veffel along, by the ftroke of the moving 
column of v^'ater againft the water, in which the veffel floats; 
we arc forry tliat our memory does not ferve us to mention 
tlic name of the inventor of this method, or the work wherein 
we faw a deferiptioh of the apparatus. In the BrJ/^ Ma* 
^azittCt vol. i. p. .397, it is mentioned, that in the year iSoo, 
ii veffel was conllrudtd at Liverpool with a fteam-enginc in 
it, which was moved along without the intervention of any 
machinery ; we think this as likely to have been, an applica- 
tion of the pumping principle above mentioned- Although, 
as we hinted above, none of the mechanic contrivances here 
mentioned have been adopted in praftice, we truft our readers 
will not be difpleafed, at the Inort notice which we have 
given of each, with a view to preferve their memory, and in 
hopes that the thing may yet be accomplilhed. 

On the repairing of Canals we think it ncccffary to fay 
fometliing ; and to begin, by rccommcndinjgthc adoption of 
a fvftem of manaccement, by which the ealieft notice of any 
dcfc£l, or want of reparation, will be obtained ; that in ftore- 
houfes, at proper p'laccs on the line, a (lock of oak, elm, and 
deal timber (hould conllantly be kept, cut out and feafoned, 
ready for replacing any of the timbers or planks in the locks 
or other works, with the leaii poffiblc delay to the trade ; a 
circumftancc which, if not attended to, may prove of incal- 
culable injury to the credit and fuccefs of tlic concern- 
Sound andf good bricks, and ftones, ready for replacing any 
which arc liable, or obferved to be likely to want repair, 
(hould alfo be in readinefs, and good cement fhould always 
be kept in readinefs, on fomc part of the line from whence 
the quantity wanted may be fpcedily ti*anfported to any part 
where a reparation of the walls, bridges, culverts, &c. may 
require the fame : however, before emptying any part of the 
canal, or interrupting the trade for any reparation, a ftrid 
fearch (hould be made throughout every part in that level, or 
on the adjoining ones, to diicover all the defeats therein, that 
arrangements may be made beforehand for repairing the 
whole at once, or with as little delay as poifible, while the 
trade is interrupted on the line. In every ftore-houfe a con- 
fiderable number of the piU-planh before deferibed (hould be 
kept piled up in readinefs, for making temporary flanks or 
dams, in order to empty any particular part of a L vel, which 
may have a culvert, trunk, fluicc, flop-gate, lock-fd, or other 
thing which is damaged, out of order, or decayed. It is 
furprifing, to thofe who have not feen fuch works performed 
before, with what facility the workmen who arc uled to this 
bufinefs will drive two rows of pile- planks fo regular and 
clofc to each other, that by the help of the tongues or flips 
in their grooves, and often without, a tight (knk is made 
without any earth or other loofc matters to flop the water ; 
and between two of thefe flanks, if fuch are neceffary, they 
will empty the water, by chain pumps, or water, fere ws, to 
get at any culvert, or other matter, to be repaired or altered } 
there have been inftances of thefe operations being performed, 
and of the part being filled with water, and the plank-piles 
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drawn up again for the trade to pafs, in the fpace of eight 
or nine hours. Should any part of the canal appear to want 
new lining or puddling, owing to a negleft at the time of 
making of the canal, or to any fubfequent accident, care 
(hould be taken to choofe the time for fuch works, when* 
the trade can beft bear an interruption ; and as, on the average 
of feafons, the trade is two or three weeks interrupted by 
ice, during the months of January and February, it may not 
be amifs to embrace that period, on fomc occafions, although 
the work may be longer about, and fomc additional expence 
may be incurred by covering up the work with earth, before 
it is left at night, to prevent its freezing, and in removing all 
fuch puddle, See. again in the ^morning, or at beginning work, 
which (hall be found frozen. Previous and explicit notices 
(hould be given of all intended interruptions to the trade, as 
long beforehand as is neceffary, to enable the traders to fup- 
ply flocks of articles at the places of confumption on the 
line, and to avoid having their barges locked in, and perhaps 
lying idle, when they might haveb.-tn employed if they had 
been on a different part of the canal. 

It is an effential point of good management to have expe- 
rienced mole and rat-catchers employed from time to time 
upon the line of a canal, to extirpate thefe hurtful vermin ; 
and in every itiflancc of difeovering one, to trace out all his 
burrows and holes, and have them carefully flopped up and 
filled in every part, as well for preventing the harbouring' of 
other animat of the fame fert, as for preventing the water 
from making its way into and through them. On a canal in 
Surry, we arc told by Mr. Robert Marjhallf in \\\% examination 
of a canal and railway, See. that a mole or rat bole only, occa- 
(ioned, after the hard froft of 179^, the rupture of the canal 
in a high embankment, by whicli more than too yards in 
length of a lofty bank was precipitated into the meadows 
and river below, and that a barge which before lay enveloped 
in the ice on the canal, w'as hurried dowm through this gulph 
into the river! It is impoflible to take too much care 
againft fuch fatal difafters as thefe, and the duty of the mole 
and rat-catchers ought not to be limited to the company^‘^ 
ground, but in all fields, banks, ponds, or brooks within 100 
yards or more of the canal, on each fide, they ought to 
be equally attentive to the deftruAion of fuch vermin, and 
the dcmolifliing of their fecret retreats. The fame men 
might Very properly be employed in pulling up and extirpat- 
ing all large and fpreading w^ccds from every part of the 
banks of the canal, and in mowing down the herbage oc- 
cafionally ; thefe circnmflanccs being not lefs effential for the 
ncatnefs and beauty of the canal, than to prevent the (irft 
harbour of vermin of different kinds. The banks of the 
canal will be very apt to continual wear at the fnrfacc of the 
Wrftcr, and for fomc height above and below that level, if a 
proper kind of herbage is not encouraged upon the (lope of 
the bank : confiderable care (hould be taken to fufl'er no 
plants to take root on or near a canal bank, or fpread its 
fted, (if poffiblc to prevent it where water is taken into the 
canal by a feeder), which wdll grow in deep w^ater, or w’hofc 
roots are large, hollow, and ilrike deep into the ground, left: 
the former of thefe ihould choke the canal in time by weed- 
beds, and tlie latter render it leaky by the formation of nu- 
merous open tubes through the lining into porous fluff. 
None but thofe who have feen many drains or new ditches 
opened in wet and boggy ground, can be aware of the 
depth, fize, and number of hollow roots, which fome of the 
aqna.tic plants, as the equifiium palujlrtt% or mar(h horfe-tail, 
the iris pfendaeorus, or yellow flag, and fevcral others, fend 
forth into the ground. 

Puddle-ditches, in the- banks that are raifed or made up,- 
are a great fecurity againft the bank being w'a(hcd down. 
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in cafe of the water, nfen by a«y ftiddcn thundcr-fhowcr, or 
other inordinate rain, breaking over the top of it \ as foon at 
thcpuddleiti reached, the efieCtof the dream to tear and lower 
the bank will often be dopped ; for good puddle, when pro- 
perly fet and hardened in the centre of a bank, in focompad 
as not to be liable to be abraded or fnddenly worn by a 
enrreut of water. In ci'.fc of the breaking or ilipping of a 
hank, fo that a confidcrable and wide breach is formed, and 
itill increahng, it is a (rood pradice to drive in two rows of 
common fold hurdles, at a foot or left apart, lafhing the fame 
well together by cords, and fecuring them by drong daket 
drove down behind them, and if the dream of water be deep 
through the breach, it will be ncceflary to drive other long 
daket obliquely into the groirid, and Itcnring their tops to 
the hurdles and upright dakes by laps of cord, that thefe 
lad may ad as ilruts to prevent the whole being borne away ; 
into the cavity between the hurdles ; draw or dubble (houid 
then be put and trod down, beginning at each end and 
working towards the middle, in order to prevent the current 
being turned, with frefh impctuofity, againft the fides of 
the breach ; fnch a dam as this will prevent the lofs of any con- 
fiderable further quantity of water, and will render the water 
dagiiant, lb that a row or more of pile-planks can be drove 
to cut off the c'onnedion with the breach, v/lrch can then be 
emptied of water, the hurdles and djaw removed, and the re- 
paration begun, with proper puddle-ditches for its fecurity, 
as before defcr’bed. At the famous Dagenham breach of 
the embankment of the Tha>nn^ dove-tail, or plank-piles 
were ufed, wc are told. It will be neccfl'ary to defend many 
places of the banks of a canal that are obliged to be utiuCually 
deep, as in the approach to a bridge or lock, a wharf, 6cc. 
with a facing of planks, called campjheetlng ; this conlids of 
drong piles driven into the bottom of the canal, with the 
proper inclination, with horizontal pieces, or land- ties to 
their tops, on to which piles found and durable pknks are 
fpiked. In fomc places, owing to the accidental or unavoid- 
able admiflion of very thick water into a canal# or in more 
cafes by the ordinary depofit in length of timCt the cailal 
will become choked with mud. In thefe caCet machine 
with buckets, like a chain pump, to ferape the bottom of 
the canal, and afterwards difeharge the load of mud into a 
barge, might be ufed, fuch a machine, worked by horfes, 
being now in ufe in the IVeJl India Docks, Sec alfu Walker's 
Lefiures^ 4to. p. .35. The late Mr. Brindley^ WC arc told, 
contrived a plan for the purpofe of clearing the docks at Li- 
vcipool from mud. 

By neglc£i: it will fbmetimes happen in canals, that Weeds 
grow up from the bottom, and form an unfuderable impedi- 
ment to the motion of the barges ; and this is aimed unavoid- 
ably and generally ibc cafe in nver navigations, if condant care 
is not ufed to tear them up, or cut them down. On the great 
Oufe^ and other fen rivers, a machine has been long in ufe, 
called a bear^ for tearing ud drong weeds by the roots. 

About the year i79o> the chevalier Bentaneourt Molina 
prefented to the Society of Arts, a model of a barge, having 
a windUfs in its dern, which gives a circular motion to a pair 
of knives or feythes, or a lever giving an alternating motion 
to knives for mowing off weeds clofc to the bottom of a 
cenal, in which the barge is to float, or on the Hoping ftdes 
of the canal ; for which purpofe, the knives can be made to 
revolve at any depth below the furface of the water, and 
cither horizontally, or inclined in any angle ; this model nsay 
be feen at the focicty’s houfe in the Addphi, and a defcrip- 
tion and view of it will be found in their Tran/aSioMf vol. 
xtv. p. J45. or Repertory, VL 169. In mod winters it hap- 
pciM| that an ice not more than an inch or an inch and half 
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thick, continues for a confidifrable length of time on canals, 
and other dagnant waters ; this, or even a lefs thicknefs of ice 
is ludicient to dop the trade Upon canals, unlels the ice is 
broken ; and, for this purpofe, it is advifable, every morn- 
ing of a frod, unlefs the ice (houid be found more than nfually 
thick, and the frod increafing, and likely to continue, to 
break the ice on each pound ; this is ufually and cfTe^tually 
done by a drongj and fquare headed barge, whofe doping or 
projecting head is covered with drong iron plates. One of 
thefe barges being drawn along the canal, ana into each lock, 
by fevcral horfes, has a condant tendency to rife up upon 
the ice, and thereby bresks it down before the barge : about 
the lock-gates it will be necefTary to break the ice by damp- 
ing with the end of a pole. Mr. Symington, whole barge, 
with a dcam engine in it, to propel it along,. and tow otlier 
vefTcls, wc have lately mentioned, has provided th.c head of 
his barge with dampers, to be wwked by the engine, for 
breaking of the ice before it, in frody weather. 

Leaks ia a canal may fomrtimes be dopped vvithout emp- 

3 the w'ater, if the depth will permit* it, by preparing 
puddle in a flat-bottomed din -boat or flat, and drop- 
ping the fame in fpadcfulls equally over the furface, and 
when a certain length is done, raking the fame about with a 
rake, with (liort teeth to join tlie pieces together, and level 
the bottom. The difference in fpecific gravity, in different 
loams and earths, is fo confidcrable as to make fome of them 
much more proper for the lining and facing of a canal than 
others ; the heavied that can be found fliould be ufed when 
leaks are to be dopped, and the water remain in the canal as 
above. We have pafled along tlte branch of a canal on a 
chalk foil, where the I’ning of the bottom was fo light, that 
the motion of the barge dirrcd enough of it up into the wa- 
ter, which was before nearly clear, to make it almod as white 
as milk behind us ; this light duff has dnee been taken out, 
and a fubdantial lining ana facing of proper duff, brought in 
barges for the purpofe, and laid on the bank before the water 
was let out, has been applied, by an able engineer, w'ho fuc- 
ceeded thofc of too different a defeription who condni^led 
this very leaky branch. 

Some Implements and machines arc ufed in the making or 
w^orkiug of inland navigations, which wc have not had occa- 
fion yet to mention ordcfcribc. .In every confidcrable work 
it will be ncceffary to credf rolling-doncs for grinding and 
preparing of the cement or mortar that is to be ufe^ in the 
water- w^orks. At W^orfley, on Bndge*waier\ canal, the 
power of a water-mill is applied to turning fevcral pair of 
large doncs on edge, like thofc ufed by tanners, giinpow'dcr- 
maKcrs, 6cc. ; in lome of thefe the doncs rolled round on a 
dzed done, in others a large cad-iron flat pan, in which the 
materials to be ground were put, was turned round under 
the dones, which were thus made to revolve round their 
own fixid axis on the materials. What appeared fingular in 
the procei's at this place was, that the lime and other ingre- 
dients were ground u ith water for a long lime, in the (Tate 
of thin mortar, which was then removed into ciderns to dry, 
and before ihc fame was become too hard, it was cut out by 
a fpade, into lumps of about half a cubic foot each, and 
heaps of them were prefenred in a dort •room, where they be- 
came quite dry, and as bard as chalk, or harder, for ufe at 
didant periods of time, in the repairs of the walls and works 
under water. At the London and Eajl India docks Hearn- 
engines, of twenty horfc power in one cafe, were ufed for 
grmdiug their cement ; but the pozzolana, lime, and qthei 
ingredients are here mixed and ground together in due pro- 
portion in a dry date (as Parker and Co,*r patent Roman ce- 
ment if done j I and it is not wetted, but carefully preferved 
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from moiftarc, till a very’ Ihort timeLefore it is to be uftdiu 
the walls, See. See the article Rollimg-stone. 

The i/nviitg^ of Piles is a very con fide -able bufinefs in many 
large concerns ; at the entrance of the London Docks a fteam- 
engine waserefted for driving the vail number of piles which 
were required for the coffer-dam. Mr. Bunce contrived 
a very fjmplc and tffedlivc kind of pile-driver, to be worked 
by men at a winch. Mr. Harnssy contrived a double pile- 
driver, which is deferibed in the Tran/jBions of the Sockiy of 
y^r/r, vol.xii. p. 337. The horfc pile-driver contrived by 
M. Vauloue cannot, from the almofl innumerable models, 
plates, and deferiptions which have appeared of it, lincc the 
building of Weftmioftcr Bridge, be unknown to any of our 
readers. Mr. John Fould contrived a machine, and prefent- 
cd a model of it to the Society of Arts, (fee tbt ir TranfaSions^ 
vol. xiii. p. 280) for cutting oil the tops of piles, after they 
have been drove, beneath the furface of the water. Sec the 
article Pile. 

Some of the navigator’s tools aid implements, as barrows, 
horfi tig-block 8, grafting-tools, (liovels, and fcoops, we have 
reprefeiited in^J. 48 to 52, Canats, Plate VIL 

Cranes for the hoiUing of goods will be required on the 
wharfs of canals and rivers. See our article CfLASE. 

On the general management, and office department, of a 
canal concern, it is unncceflary to enlarge. The committee 
with which the conduct of it is entrufled will, without 
doubt, dire£l their attention to thofe various circumflances 
on which its profperity depends. Accordingly, they will 
appoint proper umcers in the fevcral fiibordinate depart- 
ments, and give them fiich inftruftions for the regular dif- 
charge of their duty as occafion may require. It may not, 
however, be improper to fuggeft, that the canal committees 
ihould dire£l their reiident engineer to ellablilh proper rain 
and evaporation gauges at feveral lock-houfes upon the line, 
to be kept by the lock-keepers, and regiflcrcd daily or week- 
ly with great care : ihcfe obfervationn, preferved in the cora- 
paiiy’a books, or, what would be better, publifhed in feme of 
the magazines, would prove of great advantage to fcience, 
and to canal undertakings in general. In canals of confi- 
derable length, particulaiTy if fomc parts of them arc indiffer- 
ently and vaiiably fupplied with water, or leaky, it will be 
rght to fix gauges or graduated rods on each upper lock- 
gate, that would (hew at all times how many inches depth 
of v'ater there is at the time, in the (laalloweit part of that 
pound ; and to caufe the lock keepers to mention the fame at 
the foot of the printed permits or pafs tickets, that the toll- 
clerks (houldgive to every bargeman who pafTes, containing 
the number and defeription of each barge, and the defeription 
and weight of its loading; thefe, tranfmitied regularly to the 
toll colie^or, would enable him, or fome other perfon, to 
keep for the information of the committee, a regiller of the 
daily date of each long or leaky pond of water ; at the fame 
time that the lock keepers, toil-clerks, &c. at each extre- 
mity, and bn diflerent points of the canal, would always be 
acquainted with the (late of the water, and the loading which 
a barge could pafs with at every j^articular place; and could 
inform bargemen ; for want of which knowledge great dtlay 
and expence are often incurred, in dry fcafons, oy fetting off 
with morii lading than can be carried through, for want of a 
fufficient depth of water, and part of the fame is obliged 
to be left on the road, or uken into other boats. All tlie 
regulations contained in the a&, for working of the canal, 
and fuch by-laws as the committee may fee it necef- 
fary to make, for regulating the conduA of the bargemen 
and others on the canal, (hould be printed, and ftuck up at 
every wharf on the canal, and in every toll clerk and lock- 
keeper’s houfe ; and all the company’s agents and fervalRia 


(hould be (IriAly enjoined to notice every breach of laiv-s 
and regulations, not by altercation with the offenders, b^r 
by immediately noting' down in wrili.ng the exaA and true 
particulars of the time, place, and name of the offenders and 
bye-llanders or witneffes, &c. traqfmitting the fame inime* 
diattly to the committee, and preferving a copy thereof them- 
fclres ; and, though wc arc far from recommending feverity 
in punifhing on tliefe occafions, }^t a fyllem of this fort, by 
file wing the offenders tliat the committee would always be pre- 
pared to proceed againft them, wouM, in molt iullances, cf- 
pccially if the parties we^ c written to, to threaten them, go 
a great way to prevent the fame parties or others from offend- 
ing again. 

Tonnage Talks, fully and explicitly Hating the toll or 
tonnage payable to the company, on goods or articles of 
every different kind, or on difftrctit parts of the line, if, as 
often happens, thefe vary, fliould be printed and (luck up on 
all the wharfs and toH-houfes, for preventing all doubts or 
altercations between the company’s fervanta and the traders. 
At fomc convenient place on the line of the canal, a weigh- 
ing-houfe (hottld be prepared, confifting of a dock under cover, 
large and deep enough to contain the largcft vcffels which 
are to navigate the canal ; this dock (hould be furnifhed with 
a draw-gate to let down, or doors to ihut, when an empty 
barge has entered, in order to render the water quite Itill 
within the dock. Caft-iron or leaden weights of 2 cwt. 
each fliould be provided, and a crane to hoift the weights 
readily in or out of the barge, and place them in any part 
of the fame, fo as always to load her evenly. To this 
weighing-houfe, the a A or by-laws fliould require every 
barge to be fent, having the name thereof, and the owner’s 
name and rcfidenrc previoufly painted on the Hem of it, 
before it is allowed to trade on the canal : the empty barge 
being arrived in the dock, the gauging-mafter fixes four fmall 
plates of iron, each containing the number that this barge is 
in future to be diflinguifhed by, two on one tide, and two 
on the other, againli the gunwale, near the head and ftern. 
Thefe plates are all fixed at the fame dillancc from the fur- 
face of the water, wlicn the barge is empty ; this dillance, 
in inches andteiithsjs cntti\dinti) the gauging-mafler’s book, 
under the number of the barge, name, owner’s name and 
rcfidcnce, date, and other particulars ; two tons of weights 
arc then hoillcd into the barge, and regulated until the dif- 
tanee from all the four plates to the water’s furface is the 
fame, which dillance in inches and tenths is alfu entered in 
the book againll two tons ; two tons more of weights arc 
then hoiiled in and adjuiled, and the height of the number- 
plates above the water is taken and entered againll four tons 
as before ; thefe operations being repeated until the utmoft 
lading of the barge is on board, when the weights are taken 
out again, and the barge removed from the dock. For 
meafuring the height of the plates at the Paddington weigh- 
ing-houfe, a tin tube is ufed, that is furnifhed with a float 
moving freely in it, to mark the furface of the water, which 
carries a light (lick graduated to inches and tenths, to (how 
the height of the number-plate a^ainil which it is applied. 

At every tolUhoufc on the Grand-juuQion canal fimilar float- 
ing-rods are kept, and to every laden barge which paffes 
this gaugeis applied againft the number-plate, at eachend^and 
to thofe .on the other fide, if the barge appears to heel at 
all to cither fide. If the drv inches and tenths (hewn by 
the gauge, between the numoer-plate and the water’s fur- 
face, are different, they are added together, and divided 
by the number of them for the mean height. It is thef bufi* 
nefs of the gauging-mafter to calculate, Trom the particulara 
entered in bis book, of each barge as above, the weight to 
the ceareft of j: of a ton^ which anfwers to tvery jndi and 
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tfnlh of an incli^ of t^ie di*y inches fhewn as above by the 
^augc ; the number of the barges are applied in a regular 
feries, in the order in which they Cv'?me to be gauged ; and a 
bi)ok, containing a table for the tonnage on board, anfwcring 
to every dry incli and tenth, as above, is calculated, and a 
ropy of each is in the poflVflIon of each toll-clerk, by a re- 
fi rcnce to which, he fees and enters in his tolbbook, and in 
the pafs-ticket or permit, the number of tvms and quarters 
for which tonnage is to he paid to the company. On a 
great number of canals the praci-lice is different; the gaug- 
ing-maftcr prepares four flips of copper or lead, about | 
of an inch broad, and {• thick, and damps thereon at every 
diviiion anfwcring to two tons, agreeable to the obfervations 
entered in his book, and between thefe ftrokes arc drawn to 
mark the intermediate tons and quarters of a ton. Thefe 
plates he fees carefully nailed on to the fides of the barge, 
under the number-plate ; by help of which the toll-clerk, 
and the bargeman alfo, can at any time fee the tonnage on 
board, by the place on the plates cut by tlic water’s ftirface. 

. Mod ads contain a provilion refpeding barges occafionally 
navigating a c.inal, or any others where reafon appears to th.e 
toll-clerk to fiifped a deception or fraud, for requiring the 
bargeman to give an accurate account of his lading on hoard ; 
which if unfatisfadory, the toll-clerk may take fiich barge 
to the nearell wharf where accurate fcales, (Icel-yaids, or 
engines for weighing goods are kept, and there have the 
cargo unloaded and weighed ; which expence, as well as a 
penalty, the bargeman is made to pay, if he had refufed or 
negledcd to give an account of his lading, or if his account 
fo given fliall prove below the real weight of the goods. 
New barges arc ufually indulged, in two or three voyages, 
before they arc gauged, in order the better to fuit the 
bargeman's and gauging-maftcr's convenience for doing it, 
during which they are fubjed to have their goods w^tighed, 
as they alfo are, whenever they have diflerent goods on 
board, Iwble to different rates of tonnage, and do not give a 
fatisfadory account of the weight of each. 

In many ads there are claufes inferted to prohibit the 
planting of trees in the canal-hedges, or on ttl batiks, as 
there arc alfo in others, for reftraining the company from 
creding any houfes or buildings on the banks of the canal, 
except certain fpccificd public wharfs, unlefs for the imme- 
diate life of the canal. A claufe will be neceflary, to punifh 
perfons who are found tlirowing ballad or any kind of foil 
overboard or into the canal, by wdiich it miglit be choaked 
up : it will alfo be requilite, drldly to prolilbit the throw- 
ing of loofc duff, as chalk, gravel, fand, See. by means of 
Ihovcls, from heaps or barrows on the bank, irtoany barge, 
unlefs a broad and clofe dage of boards was fird laid to 
catch the duff, which will unavoidably feat ter, and to prevent 
its falling into the canal. 

Ncceffary tackle ftioiild be kept in readinefs, for weighing 
up fuch barges that arc funk, without delay, on account of 
the total interruption that fuch will often occafion to the 
navigation. Where a funk barge lies fo that another barge 
cannot be floated on each fide of it, the following method 
may be adopted : chains (hculd be looped round the funk 
barge and hooked, having four ends of fuflicitnt length 
proceeding from near the four corners of the barge, two 
empty barges Ihould be brought, one to each fide of the 
Tiink one, and ftrong beams of timber be laid acrofs each 
of thefe barges, and the fpace between them ; water (hould 
then be admitted into each of the barges by their plugs, to 
fink them almoft to the water's furface, the plug3 (hould 
then be put in, and the four chains be fadened ti^t to the 
crofs beams, when a pump (hould be ufed in each of the 
barges to throw out the water, and as this is accomplilhed, 


if the chains arc properly fixed, the barge will be buoyed 
up, often to the furface of the water, lo that (he may be 
freed by pumping her ; if not, (lie mud be (hoved along, 
fiifpended between the light barges, to feme drong crane, 
where (he can be further allided, or into fomc dock or 
fliallowcr place, where (he can be relieved by a repetition of 
the fame procefs, ' 

Several further Regulations for working of Canals require 
yet to be mentioned ; They arc fuch as relate to the pc* 
naltics that (houUl be provided in the adt or by-laws for 
preventing bargemen from taking in above a certain weight, 
adapted to the fize of their boat and the depth of the ca- 
nal ; and alfo fdr preventing fuch boats from damaging the 
lock-fils or bottom of the canal, or dicking fad to the in- 
terruption of other boats. The nature of the lading and 
the manner of difpofing it in the boat, fo that the Tides of the 
bridges, &c. may not be injured, fliould be duly attended to. 
Penalties (hould be provided to puniih thole bargemen who 
fuffer their boats to drike again d any of the locks or 
biidges, or thofe who fuffer their barge to lie cither for 
unloa'iing or any other piirpnfe, fo as to o!>dru6f the paf- 
fage of other boats. In fome afis this penalty is fixed, by 
the houi.4 that fuch intenuption continues, and at an in- 
cicafing I ate. Boats Lft at wharfs or other places, on or 
by the line of the canal, (hould be moored at both their 
ends. Bargemen (hould be prohibited from filhing, or hav- 
ing tackle for fuch purpofe on board. It fliould be pro- 
vided, and made known by the by-laws, that barges or vef- 
fels going one particular way on the line, and on each of 
the branches, (hould give way for thofe they meet or have 
occafion lo pafs ; and on narrow canals or branches, it (hould 
be provided, that wlicn two barges that arc meeting each 
other fird come in fight, or one of them hails the other, 
that which is neared to a pnfling place, (hall dop at or go 
back to the fame to let the otlicr pad. Common trading 
barges and vefllds, and aU others, fliould be prohibited from 
pafilng any locks or moving along ihc canal except in the 
day-time, and for this purpofe it is uftuil to divide the 
months of the year into ihrte or four portions, and to fpe- 
cify the hour both morning and evening in each, between 
which the canal is to be open, I..iv>ht boats, for the con- 
veyance of market- goods, parcels, 6cc. arc aliowed on fomc 
canals, as the Grand JunHion^ to pafs on during the night, 
their owner paying a fpccificd fiim for a licence for fuch 
privilege, engaging to employ the moll careful and experi- 
enced boat-men, and to make good all damage which 
fuch boats may do to the works of the canal, or to the 
barges or property of other traders. My. Thomas Pickford^ 
the great waggon proprietor, has fubftituted boats in place 
of many of his waggons, and which travtl night and day, 
and anive in London v.dth as much pundlvality from the 
midland and fomc of the moft dillant parts of tlic kingdom, 
as the waggons do. 

As few of the tunnels are conftnicled wide enough for 
two wide barges to pafs each other therein, it may be- 
come neceffary in fuch cafes, where the tunacU arc iorg, 
to cftablifli an overfeer at cacli end of the tunnel, where a 
bafon of fufficient dimtnlions lor fevcrnl boats to lie and 
pafs (hould be provided, to fuffer no barge*, lo enter at ei- 
ther end for an hour, or other period, or until the laft boat 
from the other end is come out, to prevent wide ones meet- 
ing others in the tunnel. If the number of wide boats be 
very fmall in proportion to the narrow ones, the pc»-k>d8 for 
the cnilry of narrow boats may be ofteneft r^eated, and 
wide boats might, in extreme cafes, be only fuffered to pafa 
the tunnel between the two bafons after dark in the evening, 
wlien the other boats are lying dill on the canal. 
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Gentlemen’* plenfure-boati, and narrow ftjort hufbandiy. 
'boats, for the ufc of the occupiers of the lands on each 
pound, arc often allowed at very cafy rates, if not quite 
free of tolls ; and fometimes fuch, as well as any other boats 
laden with manures and road^materials, are allowed to pafs 
the locks on the fame conditions, at fuch times only as the 
water runs over the lock weirs, or is within a very fmall 
quantity, as half an inch, of that height. 

The regulations of veflcls pqffing iht Lochs arc iifually 
very explicit in canaba^ls, that boatmen may not fuffer the 
water to remain in the locks longer than is neceffary for 
their boats to pafs ; that cver^ boatman in going down a 
canal, (hall, previous to his bringing his boat into any lock, 
fhiit the lower gates of fuch lock and the doughs thereto 
belonging, before he Aiall draw the doughs of the upper 
gates ; and, after he fliall have brought fuch boat through 
the lock, he (hall then (hut the upper gates before he (liali 
draw the doughs of the lower gates, and in going up the 
canal, fuch boatman, as foon as he (hall have palFed his boat 
through the lock, (hall (hut the upper gates of the fame, 
before he (hall draw the doughs of the lower gates, unlefs 
there (hall then be a boat coming down the canal, in light 
of the faid boatman, in which cafe the lower gates of the 
lock (hall be left (hut, and the upper gates (liall be left 
open ; and in all dry feafons, or where there (liall be a fcar- 
city of water in the canal, the boat fo going up (if with- 
in fight of a boat fo coming down,) and at a diftance not 
exceeding two hundred yards below a lock, (liall pafs 
through fuch lock before the boat corning down, and then 
fuch other boat fliall come down iiiro the lock ; and if there 
(liall be more boats than one, below and above any lock at 
the fame time, in any fuch dry feafon, within the diilance 
aforefaid (whicli diilancc fliall be dillinguifhcd by a poll fet 
itp for that purpofe), fuch boats fliall go up and come 
down at fuch lock by turns^ until all the boats have paflld, 
by which means one lock full of water may ferve two boats. 
A penalty (hould be provided again ft any bargeman or other 
pcifon, who draws the doughs, except while barges ai*e 
palling as above, or for leaving any clougb open ; as alfo 
againft any lock*kccpcr or other fcivant of the company 
gives undue preference to any boatman in pafUni; the 
locks, or in unloading his barge at the public wliaifs. Vofts 
(hould alfo be provided by the fide of the locks, for fli-ap- 
ping or (lopping the velocity of boats before they enter tlie 
locks, and penalties ought to be provided againft the winding 
of their rope or (trap round any part of the gates or lock, in 
order to (top a barge, except the ftrapping-pofls befure 
mentioned ; after all, the engineer (hould be careful to form 
the heads of the ^tes, and dl other proiefling points about 
bis locks, of fuch a (loping or wedge-like form, that the 
rope would have no hold upon them, but Hip off. A daufc 
(hould always be inferted in the adl, for making mailer 
boatmen anlwerable for all damage done by ihcir fervants, 
giving them, however, the right of recovering from their 
fervants in all cafes of wilful damage m* neglcdl. On fome 
canals it is ufual, for the mailers to hire their men by the 
ton of goods which they navigate certain dillances, inftead 
of paying them by the day for their time. 

For fome time paft, the rate of Frtltr/j/ on fome 
canals, over and above the company’s tonnage, has been 
two-pence per ton per mile, for unpcriihablc goods, three- 
pence per ton per mile for pcrilhablc goods; and four- 
pence halfpenny for bulk goods. In times of diftrefling 
icarcity, like tliofc of 1795 the committees of 

feveral canals, have permitted the paffage of imported grain, 
going towards the interior of the country, toil free, with 
w laudable intention of lowering its price to tite community. 
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The Principles of conflruBing River Navigations require 
fome further notice in this place, in addition to the parti- 
culars which we have already had occi^fion to notice reipcA- 
ing them in this article. 

Mr. Thomas Telford has given an account of the naviga- 
tion of the river Severn^ which is printed in Plymlefs 
Jigricuhural RepoH of Shrop/birt, pages *84 and 315^, from 
which we (hall coUe& fome particulars, and remark tnereon, 
with the view of (hewing by an example, what arc the na- 
ture and extent of the difficulties which navigation has to 
contend with, upon natural rivcis. This juftly famous ri- 
ver is navigable up to Welch pool, a diftance of 155 miles by 
water, from the mouth of the Bath Avon river; the ex- 
treme branch of this river may be traced for about 45 miles 
above WelchpOvol, to Plirilimmon Hill, and numerous 
other branches extend for great diftances into the countty 
on both fides ; the whole of this great length of river navi- 
gation was till lately unimproved by art, it having no locks, 
weirs, or other crcdlions throughout its whole length for 
furmounting the numevous (hallows and irregularities, which 
the current over variable Jlrata had formed in its bed. 
The firft, or lowed 42 miles of this river, extending to 
the city of Gloucefter, arc very wide for great part of the 
way, and have a moft rapid tide ; but the lalt 28 miles arc fo 
crooked, that (hips arc faid to be often feveral days in pair- 
ing it ; on which account, a grand canal, calculated for 
vclTcls of JOD tons burthen, was in the year 1793 projeded 
and begun, between Gloucejler and Berkley^ of 18^ miles in 
length, for avoiding tlkfe 28 miles of the river. From 
Glouccilcr to Worctftcr the diftance is 30 miles by the courfe 
of the dream, the rife in this length being 10 feet, or at the 
rate of 4 indies in a mile : from Worceftcr to Stourport the 
diftance by water is 13 miks and the rife 23 feet, or at the 
rate of t foot g inches per mile : from Stourport to Bridge- 
north it is 18 miles, and the rife 41^ feet, or 2 feet 4inches per 
mile on the average; and, from Bridgenorth to the New Town 
at the jiiniflion of the Sht'op/kire canal, called CoaUpoft^ the 
diftance is about 7 miles, and the rife about 19 feet, being 
a rate of about 2 feet 8 inches per mile. It was, we believe, 
that excellent and public'fpiiited individual, Mr. William 
Reynolds^ the founder of Coal-port^ who caufed an account 
to be daily rcgiftcrcd, of tlie depth of the llream in the bed 
of the Severn river at that place, between the y th of O6I0- 
btr 1789, and the 23d of December j8co, or which Mr. 
Telford has given us the particulars, except on 12 occa- 
fions when the river had overflown its bounds and covered 
the ufual marks, on Sundavs during fome part of the time^ 
the intervals of froft in which the liver was froxen over, 
and for three (hort intervals, when unfortunately the expe- 
riment was by fome accident fufpetided. Thcfe valuable 
materials we have examined with conllderable care, and 
(hall prefent our readers with fome refults thertfrom, that 
will be of ufc in judging of the interruptions from floods, 
drought, and froft, to which river navigations are liable ; and 
we do not apprehend that this river is more fubjcdl to them 
than the Briti(b rivers are in geneitil, excepting thufe fmaller 
oneslike theColne, theWf.ndie, and otIiers,whicb are fupplied 
principally by fpriug-waters. During all the months of yjim- 
ary, in theabovc period of 1 1 years, ending the 6th of Oaober, 

1 800, the river was twice overflown, (2d Jan. 1 790, and 27th 
Jan. iBoo,) and exceeded, we (hould fuppolc, the depth 
of 16 feet, that being the greateft depth at any time re- 
corded; and feveral times, when no depths are inferted to the 
great floods, it is Hated in the table that the water was 
above all the marks : befides thefc, there were 32 final* 

Icr floods, or times when the water had rifen, and was 
falling again for fome days after ; the highcA of thefe bad t 

.Iwt'K' 
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Jfpth of 13 feet (5 Jto. X790,) the loweft 4 feet, and the mean 
of the whole of theft floods is 7^ feet. In the months of 
February fthert were two of thefc overflowings, one of which 
( 1 1 Feb. 1 795,) followed a froft, and continued for 5 fucceffivc 
days : 19 floods, the two higheft of which were equal (17th 
and 20th Feb. 1799,) to la feet ; the loweft that we have 
noticed was 4 feet, and the mean depth of water in all of 
them was 7f feet nearly. In the months of March, the 
bounds were but once overflown, and we have noticed i i 
other floods, the greateft height being 9 feet, (17th March 
1794,) at which it continued - days, and the loweft 4| feet, 
and the mean height of them about 6^ feet. During the 
months of jlpnl^ two overflowings of the river are men- 
aioued, the heights of 14 floods arc recorded, the higlieft 
(5th April 1794,) 10 feet, the loweft 45. feet, and the 
mean 6^ feet. In the months of May, but one over- 
flow of the river is me?itioned, (30th May 179a,) and 
7 floods, the greateft depth of water at thofe times being 
7j feet, (6th May 1797,) the leaft 4^^ feet, and mean 
feet. The months of June produced no overflow- 
ings, 1)111 8 floods arc recorded, the greateft 6^ feet deep, 
(4th June 1 79/0 the leaft feet, the mean height of 
them being feet. The months of Ju'j produced no 
floods which overflowed the banks or marks ; of the 10 
that ,arc recorded, the higheft was 7 feet, ( 1 ft July 1 797,) the 
leaft 3^, and the mean of them 4^ feet. During the months 
oiJIugpJIt the higheft of the 19 flood?, or* higheft waters 
that are mentioned, w^as 1 1 feet, (19th Aug. 1799,) the 
leaft that we have noticed is 3 feet, and the mean height 
was 5J feet. The months of September produced 17 floods, 
the greateft 9^ feet, (23d Sept. 1797,) the leaft 3J, and 
the mean we find to be 6 feet nearly. In the months of OBober, 
one overflow took place (loth 0£t. 1789,) and 24 other rifes 
of the water or floods, the greateft being 10 feet, (loth Oft. 
1799,) the leaft 4I feet, and the mean 6^ feet. In the months 
of Nyvemlcr, one overflow is mentioned, ( ift Nov. 1792,) 28 
other floods, the greateft of 1 1 feet depth (Sth Nov, 1799,) 
the leaft 4^ feet, and the mean 6-}- feet. Laftly, in December 
in the fcvcral years, two overflows of four days each are 
recorded, (ift Dee. 1791, and 2d Dec. 1794,) the number 
of floods being 29, the greateft height jO feet (5th and 
7th of Dec. 1797*) the lead 4 feet, and the mean we find 
to be /f feet in height. 

Fiom the above it refulls, that the Severn liver at Coal- 
pnrt is fubjeft to about one overflowing of the banks annu- 
ally, bcfidcs about 20 Idler floods, var)*ing (in 11 years,) 
from 16 to 3 feet in height, the mean height of which is 
about 6 f«.ct 7 inches. It alfo appears, that the greateft 
floods, and thofe occurring the ofteneft, arc in Deccirberand 
January ) that the feweft floods happen in May and June, 
and arc the leaft in height in June and July. 

We have now to mention the rcfults of an examination for 
the loweft dates of the ftream of water in the river, in the above 
period. In all the yanuariet the deptfi never was Icfs than 
j foot 8 inches, on one of the two fiich occafions (13 Jan. 
1793,) it continued fo for three -days. In February it never 
was but once fo low as i foot 8 inches, and then (26 Feb. 
1797,) it continued fo for three days. In the months of 
March we have noted ten loweft dates of the water, four at 
j foot 8 inches, four at i foot 6 inchca, and two at i foot 
5 inches (19 and 25 March, 1797O the mean of thefc low- 
waters being i foot 6i inches. In the months <A Aprils ten 
low-waterswcrcobfervcd, the greateft 1 foot 8 inches, and leaft 
J foot 2 inches (30 April, 2796,) the mean being x foot 
5 inches nearly. During the months of May, eighteen low- 
waters occurred, the greateft being 1 foot 8 inches, and leaft 
V .Nnl.r urhteh rontinued for feven fucceffivc davs 
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29 May to 4 June, 1793,) the mean being x foot 5 j inches, 
n the months of yunt we notice twenty-three lowed dates 
of the water, varying from x foot 7 inches to i foot, which 
lad was the depth at four different peiiods, (two of which 
amounting to twelve days wci*c in June 1791,) the mean of 
thefc is I foot 3^ inches nearly. In the months of yuly the 
low-waters were thirty-one in number, varying from i foot 

8 inches to f i inches, (14 and 15 July, 1794,) the mean 
1 foot 3 J inches. In the months of AugtA there appear to 
be thirt^r- three low dates of the dream, the highed that we 
have noticed arc i foot 8 inches each, and the lowed only 

9 inches! (5 and 16 Augud, i8co,) the mean i foot 
4 inches. During the months of September the low-waters 
were twenty-four in number, the greated 1 foot 8 inches, 
and lead 11 inches, (7 September, 1796,) the mean being 
1 foot 4 inches. In OBober, in the different years, were 
twelve low-waters, from 1 foot 9 inches to i foot r inch in 
height, (3 and 4 Oftober, 1791,) mean i foot 6 inches. 
November produced only three low dates of the water, 1 foot 

10 inches and i foot 8 inches, (8 November, 1791, and 

11 November, 1796,) mean i foot 9 inches. Laftly, in the 
months of December four low-waters arc recorded, 1 foot 
9 inches, and i foot 7 inches, (9 December, 1793, and 
20 December, 1799,) the former continuing for three days,) 
the mean of thefe being 1 foot 8 inches. 

From the above it appears, that the Severn at this place is 
fubjc£l to between fifteen and lixteen low dates of the water 
annually, and each of them will be found of much longer 
continuance than the floods are; the loweft having 9 imhes only 
in depth of water, the greateft that we have here taken out be- 
ing i foot 10 inches, and the mean of all fuch we find to be 
r toot 4I inches. It alfo appears, that it is not oftener than 
once in two or three years on the average, that a low date of 
the water (t foot 8 mehes) occurs ia any of the four winter 
months, November, December, January, and February ; 
that June and July arc fubjeft to the loweft waters, and 
July and Auguft to the mod frtquent rifes of the water ; 
the reafon of this laft circumftance appears to be, that in 
this low date of the water, and when the breadth of the 
river is the leaft, the effeft of almoft every partial thunder, 
or other heavy (bower, on any of the branches of this river, 
is vifible in the fame at Coal-port, which waters could not 
have been noticed, when the dream was fo many times 
larger, as it generally is. We obferve, that the mean 
height of the low-waters in both Auguft and Septem- 
ber is I foot 4 inches, (the general mean of all the months 
being i foot 4*J inches,) and if the mean of the fix fummer 
months, from April to September inclufivc, he taken, it 
will be found almoft cxaftly i foot 4 inches : what is alfo 
remarkable, the river has been found to be far more ftationary 
at this particular height than any other, fincc, on thirty-five 
days, beginning with the 2^th May, 1793, it never vaincd 
from that height, on eleven days, beginning 1 jj June, 1795, 
and on ten days, beginning ij July, 1795, it alfo ran 
ftcadfly at that depth ; while it never remained but twice at 
any other height for ten days together, viz. fifteen days, 
beginning 23 September, 179^^, at 1 foot 2 inches ; and 
ten day^ beginning the 14 Auguft, 1795, at 1 foot 3 inches 
depth : but twenty-fix iiiltancei occur in all the eleven years, 
of the water remaining for more than four days together at 
any other height than 1 foot 4 inches, feveral of thefc be- 
ing very near that height ; and, indeed, inftances of a ftable 
haght are fo rare, that often for months together n6 two 
following days arc to be found alike. From the above we 
may, we tliink, with tolerable fafety infer, that t foot 
4 inches is the depth of the ftream of water in the Severn^ 
at Ciil-Port, 4% awes, below the upper end, and 1 10 milca 
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above the lower end of its navigation, arifing from firings / 
the height of water above this being principally occafioned 
by the rain, which fo frequently falls in one part or other of 
the Wtlfti mountains and nilly trails, whofe running waters 
this river receives. Seven times in the above eleven years the 
Severn was frozen over at Coal-port ; on one of thefe oc- 
cafions the river continued locked up for zfi days, beginning 
the iith January, 1795, the next longed interruption, from 
the river being frozen over, was nineteen days, after zytli 
January, 1798; fourteen days, after id February, 1799; 
fourteen days, after 2cth December, 1799; thirteen days, 
after zd December, 1796 ; eight days, aher zzd Deceinber, 
1796; and, ladly, three days, after 2d January, 1795. 
Thefe amount in all to 100 days, or to about nine days of 
total interruption from ice annually, fuppofing they had 
happened regularly ; but it appears above, that in ouly four 
of the winters in this period was the Severn froze over at 
Cnal-portf viz. in that of 1794-5, for thirty-two days ; that 
of 1796.7, for twenty-one ; in that of 1798-9, for thirty, 
three days; and, in that of 1799-1800, for fourteen days; 
or, for twenty-five days on the average, in each frody win. 
ter, while feven winters paffed without fuch interruption. 
The water was generally low (in one iridancc ouly i foot 
7 inches,) when the Severn became froze over as above, oc- 
cafioned, we apprehend, principally by the rapid and 
great evaporation which will be found always to precede 
and accompany a frod ; and by the frod having fet in and 
retarded the fall of the waters, in the open and expofed 
parts of the country which fuppliea the Severn^ before the 
lame was become intenfe enough to cover that river with ice, 
in fo deep and narrow a vale as at Coal-port. 

Mr. Thomas Telford remarks, that the year 1796 afforded 
fo driking an indance of the fluduating nature of this river, 
that dunng the whole of that year, there tvere not two 
months in which barges could be navigated, even down the 
river, with a freight which was equal to defray the expences 
of working them ; an interruption to trade that was fevercly 
felt by the great coabmaders and manufadlurers of iron in 
thofc parts, in particular. The fame intelligent engineer 
tibferves, when (peaking of the Severn^ “ the inconveniences 
arifing from the irregularities of the water have always 
^ cxided in fome degree, but they have been greatly increafed 
by the embankments which have lately been raifed to pio- 
uA the low lands in Montgomery fhire, and in tiie upper 
parts of the county of Salop. Formerly, w'hen the river 
had arrived at a moderate height it overflowed thefe lands 
to a great extent, which thereby operated as a fide refervoir, 
and took off the top waters of the high flooda ; and thefe 
waters returning to the bed of the river by flow degrees 
proved a fupply for the navigation, for a long time after the 
flood began to fubfide, but being now confined to a narrow 
channel, they rife fuddenly to a great height, and flow off with 
more rapidity than formerly ; v'hercby the navigation is at one 
period impeded by uncontroulable floods, and at another 
left defiitute of a fufficient fupply for its ordinary purpofes.” 
Befides the embanking of low lands by the fidee of confider- 
able rivers noticed above, another caufe has been obferved 
by us, for the change for the worfe, which is well known 
to have happened to many of our navigable rivers, within the 
laii 50 years ; in which period, a great portion of the com* 
mon-field parifhes in England have been inclofed, and in the 
greater number of in fiances, new and ftraight brooks and 
water-courfes have been cut therein, inftead of the exceed- 
ingly crooked and ferpeatine courfes which mofi of them 
1^ ; thefe have had the tSc& of letting down the rain 
waters much more freely than formerly, irom almofi every 
branck of many of our eaftem and fome other riversr and 


have occaiioned floods much more fudden and high than 
were probably ever before experienced ; at Bedford, on the 
Oufe^ we remember reading of two or three immenfe floods^ ' 
within a few years pafi ; fuch as would have effedually pre- 
vented the ere^ion and growth of the fouth part of the towir 
on its prefent fite, if fuch floods had ever before prevailed : 
and the cffcfls of thefe increafed floods have been expe. 
riciiccd in the fens, . through which thefe rivers pafs, by the 
continual neceflity which has been found of raifing their 
banks to prevent the water overflowing them, and filling the 
adjacent country. In the fens this remedy has been tound 
adequate ; and the evil might have been remedied higher up. 
the lame rivers, if attention had been paid to increafing the 
watci-way under their bridges, ere£ling others in place of the 
nuiucioufi fords that on fome rivers exiil, and cutting off 
fudden bends in the courfe of the rivers ; and above all, re- 
quiring the mill-owners to make more capacious flood-gates, 
to be opened on the firft rife of water, in order that it may 
pdfs off by the channel, to prevent the valley being filled for 
a great difiance above, and agriculture being interrupted or 
prevented, as it ufed to be in the fmallcr vallies above, be- 
fore the brooks therein w’crc ftralghtened, or new ones cut. 
The fame caufes which have occaiioned this incrcafe in the 
i^>idity and height of the floods, have, as obferved by Mr. 
Te/fordf caufed the quantity of water to be Icfs in the rivers 
in the general ; a circumfiancc which receives ftrong con- 
firmation from an able pamphlet, faid to be written by the 
late Mr. IVedgewoody in 1765, entitled “ A View of the 
Advantages of Inland Navigation,*' wherein it is mentioned, 
fpeakiiig of the Severn river near to Coal-port, that the 
lovM-il water that ever happens, in the drieft fummer, i» 
ne%)rr hfs than 18 inchesy which is fufficient to carry veffcls 
of 16 or 17 tons burthen at any time." We have feen 
above, that this river, fincc 1789, often runs with a dream 
no more than 16 inches deep for conliderable periods toge- 
ihcr, and is frequently fo low as not to have a foot depth of 
water in it, while inllances of fuch extreme drought have 
been recorded, that the depth was redact d to <; inches, cm 
half what was foimtrly faid to be its louefi Hate, 'i'he 
progrefs of agricultural improvements in the lafi age wonlJ 
have bad a lliil more fcnlible cfFed, in producing a low 
ftatc of the wMter in our rivers, after the fudden floods an 
run off, but for another, and contrary effed from the above, 
by which they are accompanied; we allude to the rnort 
general drainage and cultivation of the fiiifricc of tlo. 
ground, by which it is enabled to abforb and take in !.> 
much greater a portion of evtiy fliowcr of rain than tonnei - 
ly, molt of which water afterwards finds its way through land, 
or permanent fpiings, to the brooks and rivers, and prevent;, 
that very diminifhed ftatc of them, which every dry fcafon 
mull now otherwife occafion. We may confidcr, that all land 
whofe furface is wet, and in want of draining, is in thot 
fiate as incapable of abforbing or retaining the rain waters, 
as the tiles of the roofs of houfes, or the paved ftreets in a 
town are; and, that when that mofi effential of agricul. 
tural improvements, under-draining, has been applied, and the 
furface rendered fit for cultivation, that the whole of a large 
portion of the fhowers of rain, and a confidcrable portion ot 
all of them, are abforbed and retained in the land, to be 
afterwards flowly given out, by the under-drains or fprings, 
for equalizing the rivers. We were not fully aware of riie 
great effe^s which a change to cultivation from a fiate oi 
neglected common, hat upon the abforbent ^wers of the 
fou, until viewing the improvements of the late excellent 
Duie of Sedfordf in Crawley, in Bedfordfhirc, before men#, 
tioned. 

In projeSed improveme&ti upon any of our old rivar-navi- 
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jrationR; or in extending the navigation thereon above the 
tide-way, it is of importance to examine the Hate of the 
whole country, to w'hich the river in qiieftion adla as a drain, 
to ohferve accurately whether cuhivalion, or the breaking 
up of lands, and the pvatiice of draining have been go»ng on, 
or are likely to be fo in any confidtrable degree, within a rea- 
fonablc period ; as alfo to obferve particularly the Hate and 
extent of the valleys and meadows, over winch the waters 
are or have been fpread in ordinary Hoods, atid the probabi- 
lity of fuch being furtlicr pi evented by ftraightening or cn- 
larging the beds of the brooks and river?, or embanking the 
courfes of the llrcams ; thefe, with the rnoH, corre6l informa- 
tion that can be obtained from diflercnt millers and others, 
who live on the banks of the river, or from fcicntific indivi- 
duals, who have caufed accounts to be kept of the height of 
the water, will he necefiary data for determining the magni- 
tude and nature of tlie works which will be neceffary on the 
propofed navigation. 

Mr. JVilitam Chnpmnn^ in his Ohjrrn^alions^ often before 
quoted, poge^i\^ when treating of the canals of China, 
which are in cffcdl hut new channels for a patt of the ftreams 
of their rivers, takes occafion to introduce lome nfcful ob- 
feryations on the crookednefs and unequal fe^lions of rivtrs, 
and on the elTcc^s of (hallows, weeds, and other impediments, 
upon the velocity and height of the dream, that we mud 
rcUiclantly for tike prefent pafs over, refen ing the reader to 
our ariiclt Uivfr. As an indance of the fall and velocity 
of large natural rivers wc are told, that the Ganges for6o 
miles, luiving the mean width of 3-.;.ths of a mile, and depth 
of 15 to 20 Ret, was found to have a fall, in a dirc£l line, 
through the irnmenfe flats and rice-fields on its fide, of 9 
inches in a mile, but by following all the bends of the liver’s 
courfe, the fall was reduced to 4 inches per mile, and its 
velocity therein did not exceed .3 miles per hour. On afccr- 
taining readily the velocity of di earns of water, and compar- 
ing the fame with theory, fee Nicholfon*s ymrnol^ Bvo. 
voL tii. p. 32 and 87. 

Mr. JVilham Chapman feems to incline to the opinion, 
that locks may not always be eligible on river-navigations, 
and fays (p. 87,) that “ during the flooded Hate pf rivers, 
all fmall falls are equalized, as they neceflarily rife higher be- 
low than above a rapid ; therefore I am far from faying, that 
running canals with a fmall fall are not, in manjr initances, 
eligible on the fliores of great rivers ; and that W'dl devifed 
Hops, eafily opened and clofed, (not fuch as Kft up like 
thofe deferibed in China, nor open againft the llreaiti as gates,) 
arc nut fometimes preferable, to incurring the charge of 
locks. In other nearly fimilar inllances where locks arc 
eligible, tlieir piers and gates alone, will be fulficient with- 
out any other floor or iidc walls, than a concave and bat 
tered pavement, continued through the bottom and up the 
fides of the fpace between the piers. The eligibility, and 
the particular conilrudlion of thefe works, will much depend 
on the nature and extent of the beds of the rivers, the dit- 
ference between their low and flooded Hates, the height and 
alfo the permanency of their (bores, and the quantity of float- 
ingice. 

TJjc greater number of rivers through which new naviga- 
tions arc now required to pafs, will be found occupied by 
mills, at (horter or longer diftanccs from each other, ac- 
cording to the fall of the water in mod inflances ; at the 
tail 01 moft of fuch mills, will be found a large and deep 
pool, which the fall of water from the mill-courfes and 
flood gates has tom and excavated, and a (hort diftance be- 
low this pool a (hoal or bed of gravel, or other mattti*8, will 
in general be found, that would prove fo cxpcnfivc to re 
movci and would in generfd be fo fubjeft to accumulate 


again by a further excavation of the pool fiom the iftcreafed 
fall of the water into it, that it wiil in general be the chtap- 
efl; and moft effc^hial way to begin a new cut for the naviga- 
tion below this ftioal, and continue the fame up by the tide 
of the pool to the bank of the mill, wherein a pound lock 
mnft be conftru£\ed, cither of timber or mafonry, for gain- 
ing the afeent to the mill-dam or upper pound. In rapid 
rivers fubje£I to great floods, the utmoft care and attention 
of the engineer to the conftrudlion of Rich works will be 
ncccftary, to prevent their being demoliflied by the firft 
flood perhaps after their creAion, Where mills do not in- 
tervene, and rapid and of courfe (hallow places occur in the 
bed of the river which is to be made navigable, a fide-cut 
mull be begun from above Rich fliallow, and if practicable 
at the be'ginningof a confiderablc bend of the river which the 
fidc-cut may cut off and ftioiten ; in continuing this fide-cut 
downwards towards the place where the lock is to be placed, 
and the junction below the fame is to be formed with the river 
below the fliallow, care miift betaken to condiuVt the fidc-cut, 
which is to be upon a level as far as the lock, as foon as pofli- 
b!c aciof’ the flat meadows to the borders of the high ground, 
along which it (hould (kirt, to the place of the lock, if this 
is practicable, on account of the width of the meadows; 
othtrwife a counter-drain or parallel cut muit be taken up 
from below the lock, as far as is neceffary, on the land fide of 
the lidc-cut, to drain off the water, and prevent a fwamp r.r 
pond being formed above the lock ami between the fidc-cul 
and the hich ground, as is almoft invariably do: c by the 
ancient inill dams on molt rivtis and lirean;? : it is, how- 
ex er, with tli»’ utmoft care and precautions that the counter- 
drain (Itould be adopted, otherwife, in time of floods, 
when the meadows arc overflowed, fuch a current would 
rufti into and down the declivity of the counter-drain as 
to endanger the tearing thereof, and of the bottom and 
lidcs of the cut or bed of the river, into which it vented 
below the lock. Wc have feen large and expenfive (luiccs 
crtCled upon and near to the vent of counter-drains cir- 
cinnftanccd as above, of greater height than the top of 
the floods, which were found neceffary to be built, and kept 
(hut on the approach of a flood to prevent the a^ion of the 
counter- drain, until the flood had Ribfided fo far as not to 
overflow the meadows adjoining the counter-drain. Acrofs 
the bed of the river at the moft convenient place below and 
near the upper end of the fidt-cut, an optning-weir muft be 
conftri;6led, by w’hich the water in the river can always be 
kept at a proper height for covering the (hallows and bed of 
the nver to a proper depth for the navi;^a;ion ; fcveral of 
thefe opening-weirs have within llitfc Rvv years been con- 
ftruded on the ThamtSy one of which near Windfor has 
been deferibed and drawn by Mr. Zach. ylUmitt in his Con* 
Jiderations on the hejl Mode of mprovhi^ the River Thames ^ 
1805, p. 22. It confilld of Jevtral (Irong piles or pods driven 
firmly into the bed of the river at 20 to 25 feet apart, in a 
llraight line acrofs the river: -the intervals between tlicfc 
piles arc driven and nicely filUd op wuih pug-piles, or dove- 
tail piles, as before deferibed in th s artidc; thefe lad are 
afterwards favved off (Iraght and even w'iih the bottom 
of the river, and haveailrong and found fill nicely fitted 
and fpikid on to them, and into each of the large piles at 
its end ; by this mean 3 the water is prevented from ioaking 
or making its way, except through tlic rectangular openings 
between the feveral piles, which fhould be at lead as high 
as the hightfl floods, and have their tops connected by 
ftrong \crof8 pieces of timber boUtd on to them ; in thelc 
crofs pieces, and in the fill below, a number of holes arc 
prepared for placing at equal intervals as many upright 
pieces of wood, called rimers, with rebates m their fideft 
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for temporary gates to Aide down in» and reft againft ; after 
thefc rimer'^ arc put in, a (luice or gate, with a tall handle to 
reft againft the upper, or crofs piece, is put in between each 
rimer ; and, above thefe, another fet of gates, called over- 
falls, with fimilar handles, are fitted, to be occafionally iifed 
in dry feafons, uhen none of the water is to be fuffered to 
cfcape, except by the fide- c'.'t and lock-paddles. In time of 
floods, all thefe gates, overfalls, and rimers, arc taken away, 
by perfons wlio go in a boat for that purpofe ; which opera- 
tion, we arc told, can be performed in three hours, and the 
water is fullered to take its free courfe through the openings: 
as the water fublides, a few of thtfe gates arc pul in at a 
time, leaving tlic water its courfe through the others, until 
all of them are in, when on any fmall rife of the water, the 
fame falls over the tops of thefe gates into the bed of 
the river below ; wljcii a greater depth of water is wanted 
above, the overfalls or upper gates are fucccfiively put in 
upon the olbcro ; llicfc lall being of fuch a height that the 
watvi* can fill over their tops before it would overflow the 
mc.,i!owti in c«ifc of its riling, and the men not attending or 
being expeditious enough in taking away the overfalls, and then 
the g^ites, if the progreffive rife of the river ftiould render it 
nectflary. Mr. J, in his report before quoted, 

page 316, has given ii plate of a weir of this fort fora river, 
which is called a gate fl nice, with ly gates, but wc have 
looked in vain for any dcfciiption or account thereof in his 
volume. In the Hliames ancl feveral other rivers, Jettus^ or 
Weir^bed^es have formeily been made, for diminiihing the 
width of the river below the feveral Ihoals, in order to make 
a deeper but narrower and more rapid current over the 
fame, as is done, we arc told, on the China car.als; but 
the rapid and dangerous currents which thefe and the under- 
v.^ater weirs occafion, particularly in high water times, have 
been fo jnftly and loudly complained of, that we trull the 
fiime will, ere long, give place to the iide-cuta, pound-locks, 
and opening-weirs, above dcfcrihcd. The principles on 
which jetlits are made to raife the water in livers, and the 
mode of calculating their effects may be found in Nicholjon'*^ 
JournaU Svo. voU iii. p. 35 . 

For improving the navigation of rapid, confined, and 
varidble rivers, like the Severn^ Mr, Thomas Telford^ in 
Plym!ey\ Report^ p. 287, has recommended tiic deepening 
of the lower part of the bed of the river in the (hallow 
pl.tccs, in order to equalize the declivity and current of 
the river : a very experienced engineer has fuggefted, that 
deepened fhallow's, without jetties or firr.ilar conllrudlioiis, 
w'oiild foon be again filled up in many cafes. In the 
higher parts, Mr. T. propofes to ere£l folid and durable 
W'cirs of m.iibnry acrofs the river upon the fiiailow places, 
with fide-ents and pound-locks by the fide of them, for the 
navigation } and the river when thus diverted, may, au h« 
jufiiy obferves, be applied to many important purpofes of 
machinery, and for irrigating of the meadow:*, which would 
thus be bronglit within its reach. There is no doubt but 
this mitho'l is praiHicable, and would ultimately anfwcr 
well ; but the expciicc would bv very great of ereding fub- 
iUntial weirs, and making tb.c banks of the fidc-cuts, and 
v/alls, and gates of the locks, high enough to prevent the 
floods from breaking over into themy a condition which 
Icems neceffary, if barges arc to be able to proceed at ail 
times; the towing-path flioiild alfo fir the fame purpofe be 
made up with a regular floping bank next the river, pre- 
fenting no inequalities or pn.jeding objedls to catch or wear 
the towing-lines, fo that its top or path (hall be always 
above water. On a river which rifes 16 or 17 feet or more, 
thefe works would be attended with a moft lerious expcnce 
and difficulty, particularly where cliffs rife almoft perpendi- 
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a ilreatn, unlefi great expence indeed was incurred to obviate 
it, would be fubjedl to have its work interrupted by every 
large flood : the working of barges on a river with fuch 
cuts, locks, and towing-paths, as we have mentioned, would 
be attended with confiderable difficulties ; tall mafts muft be 
ufed for attaching the towing-line in dry- times to bring the 
line on a level, or nearly witn the hories, and in floods it 
muft be fixed lower down, or to a fhortcr mad : and, in 
fuch cafes, the utmoft care might not always be able, where 
the works are neceffarily confined by rocky banks, to pre- 
vent barges from fometimes miffing the entrance of the lide- 
ciit, and being precipitated down the current over the weir, 
and being funk. A towing-path, lucks and banks of a lefs 
height, fo that the floods would frequently cover them, befides 
their being totally ufclefs in fuch times, would be liable to be 
damaged and wafhed away, (unlefs conftruded in the moft 
careful and expenfive manner,} and the cuts and locks to be 
filled up in a great meafure by fand, or gravel, in rapid ri- 
vers. Mr. William Reynolds fet an example which lias fince 
been followed, on a great length of the Severn's bank, of 
conftrudiing a towing path for hcrfcF, iuftead of the devious 
way over proje£ling rocks, loofe fands, mud, and every 
other obftacle which the men who ufed, from time immemo- 
rial, tq pet form the flave-like office of hauling the barges 
along, were obliged to travel : we are not acquainted with 
the height of thefe new towing-paths, or whether they are 
at times, and how frequently, covered and ufelefs by reafon 
of the floods. Mr. AUnutt informs us, that one horfe com- 
monly tows a barge of Jjo tons burthen down the Thames 
above Richmond, at the rate of two and an half miles per 
hour. While on the running canals of China, 

Staunton obferved a boat of a light conftrudlion, with only 
14 tons lading, of eight feet width of floor, about 10 feet 
width of water-line, and 50 of extreme length, drawing 
two feet thiee inches of water, and fharp at the ends, 
dragged againft a llream whofc velocity was 5^ Englifti 
miles per hour; and, although there were 28 trackers, or 
men hauling at the line faftciicd to the boat, btfidcs three 
men in the boat poling it on, it advanced only at the rate of 
i of a mile an hour ; altliough the channel was not materially 
conllruclcd in either width 01 depth of water-way, in propor- 
tion to the fcdliou of the boat. Mr. Thomas Telford has 
(p. 2S8.) propofed another method of improving the Se» 
vern river, by colleifting “ the flood waters into refervoirs, the 
principal ones to be foimtd among the hills in Montgome- 
ry ftjire, and the inferior onss in Inch convenient places as 
might be found in the dingles, &c. along the banks of the 
river. By this means, the impetuofity of the floods might 
be greatly leffened, and a fufticient quantity of water pre- 
ferved to regulate the navigation of the river in dry feafons, 
and likewifc to iinfvver many other ufcfiil pu^pofes, fuch as 
the forming ponds for inland fiftierics, the fiipplying of arti- 
ficial canals, and the w'atering of land. Tins, it is thought, 
might even prove the fimplcft and Icaft expenfive mode of 
regulating navigable livers, cfpccially Inch as arc immedi- 
ately on the borders of hilly coiintrits/^ An engineer of 
the firll reputation in liis profefllon (Mr, Rt^mikt) intimates, 
that after what has been faid rtl'peCting the exetfs of flood 
water in the river Roch above the ordinary fupply, the idea of 
corredting the fio*^ds of the Si va n by refervoirs, muft appear 
to be ridiculous. Mr, IVilliam fejjhp^ on another occafion 
already referred to, fays, that the nveis may be rendered near- 
ly uniform throughout the year by refervoirs. 

The old clumly ftone or brick bridges upon rivers are a 
very principal interruption to the navigation thereon, by 
preventing the continuation of the towing-path in a place 
where it is generally the moll wasited to furmount the rapid 
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iirulgr ; the mafia of velTt^ are alfo to bo flruck. Thtfe 

d cumllancos rccomnur.d the more gcniral imitation of the 
fpirited individuals nearCoalbrook-dalc.whc. have therecrc^ed 
two cad iron bridges over the Severn, wUok fingle and capa- 
cious arches remedy thefctvlh. We have already fpoken of 
them under the article Bridge, and in the prifeut one, and 
therefore proceed to the only remaining fnhjcds that at pre- 
fent occur to 113, relating to the deepening of livtrs ; the leav- 
iug ofhallajl, or taking up of fand, grave), or otlicr loofe or foft 
inatters from the bottom of rivers, is ufually performed by a 
drong pole, having a flat ring or hoop of iron fixed on it? end, 
to which a ftrong leatlitrn bag is fadened, like what is called a 
landing-net among fidicrmen.j or for treking up gravel only, 
a fine ami ftrong net is ufed infttad of the loathe ru hag ; the 
edge of this hoop is made (harp, fc as to llrike into the bot- 
tom, 'when a man piifiies it down by its pole ; near to this 
hoop a rope of conirdcrable length is fattened, which is held 
by a man that ftands at the head on the gurwalc of a barge 
at anchor, while another man at the fttrt> llnkt:' the hoop 
and bag into the bottom, the man at the head then hauls at 
the rope to drag the hag along and ferape thr bottom, while 
the other man fliovca down the pole to which it is attaclud, 
until the bag is lilled with fand, graved or othtr matters, 
which arc wanted to be got tip ; the man with tlie rope thin 
advances nearer to the (;tUcr, and pulls up by the rope while 
the other does the fame by the pole, and brings the bag 
over the fide of the veffel, and empties its contents into the 
liold or room of the barge. If the bottom be hard, or the 
bag large, two or more men are employed to pull the rope, 
and foinctimes a winch and roll on which the rope or chain 
winds, are ufed for dragging the hoop and bag along the 
bottom, and for hauling tl»c fame up to the furface, wln n 
the man at the pole finds that the bag is full, and begins to 
pull inftead of pufh by the pule ; this is the employment nt 
Woolwich of a great mimb<r of convj(ft«, inftead of their be- 
ing tranfported. Sol’d mauers or rocks wftkcn they happen 
to w'ant excavating, below the level that the water can be 
drawn off to, or the ebb of the tide, feern to require all the 
fl^ill and rtfoiirces of the eng’iietr. Near 10 tlie entrance of 
the new lltift India Docks, in the way of Ihips in the riv<r 
Tljarnes at Uhickwall, is a ruck or large (tone of exceediugiy 
hard filecions piuhling-ftonc, confiiling. aj we have been in- 
formed, of the hard finall chert pebbles which abound fo 
mucli near London, embedded in a cement ftill harder than 
thcmfelves ; detached blocks of which puddiug-ftone are by 
no means uncommon in the London Jlrata ; this rock is fo 
hard that no tool is capable of boring it, and though for 
fome years pall the committee for improving the port of 
London have been occafionally advertifing for perfons who 
were willing to undertake or contrail for removing the up- 
per part of this rock, about 40 feet in length and 30 in 
breadth to thf depth of about 18 feet, yet the rock ftill re- 
mains. The tondudl of this bufinefs is now, it is faid, com- 
mitted to Mr. JfJfop, an able enginter ; and we hope foon to 
hear of this dangerous impediment being effcdnally removed. 

Having now given the principles and pradlicc of canal- 
making, and of rivcr-navigations and rail-ways, as forming 
one great, compound, and connected Sxfttim of Inland Com- 
municathttf we now proceed to give a concife account of 
all the different eftablilhmcnts of this kind in the United 
Kingdoms. This part of the prefent article, although far 
fliort of the degree of perfedion which we were defirous of 
giving it, has been attended with great labour, in refearch 
for the fcattcrcd, and often fcanty matcriah, that are to be 
found refpcaing many of thefc undertakings, which wnll 
ever remain as Itupcndous monuments of Britiib cnicrpn.^c 
and fpirited exertion. 
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Refpe^iing the method nf arrangement, we found it in- 
expedient to follow tlicfc who have attempted to give an ac- 
count of fome of thefe concerns, in the order of time in w'hich 
they were projt£itd or btgun j becaufe fo many of them, in 
diftant places, were prt^jeded at the fame periods, while 
fome were quickly begun and completed, and others re- 
mained a great while in hand. 

The great length of fome of thtfe w'orks or undertakings, 
the (hortnefs of others, their various dirc£lion8 and their ge- 
neral and multiplied inttrfedions with tath other, rendered 
any geograpl.ical an*ai»geinciit of them, as from north to 
fouth, or otherwift, equally difficult and improper. We 
truft, therefore, that our readers will approve of the plan 
which wc hare adopted, of giving the whole of thefc under- 
taking;, rivers, caiials, rail- ways, &c. in one alphabetical 
feries, arranged according to the fneor/ora/e, or parUamentary 
ramc of each, win re the famie arc under fpccial afts of par- 
liament. And, a., iviariy important lines of canal have been 
fiJTveycd ar.il dtlV.tfticd, but never fincc were executed, we 
have thought it nght to preferve the memory of many of 
fiich, by giving tl»em a place in the regular feries, but print- 
ing their titles in itaher, to dillingiiini them from the works 
exilting or now proceeding with, wliich will be printed in fmall 
capitals. Our principal iiiiu has been to exhibit, asconciicly 
as polTible, the ptincjpdl ftaiuns of each concern, and 10 
trace its conneAing points with all the other adjoining oner ; 
by the help of which, it is hoped that our readers may be 
able to trace out and comprehend this great and unparalleled 
fyllem of improved inland communication, which has, and 
voll continue to operate fo pow’crfully towards our national 
profpcnly. 

AnranAui. Casal. Thit undertakirg was begun under 
anadt oftiie 3]d of Geo. 111 . ; its general dirediion (begin- 
ning nt il3 lowtft end, as w’C fliall always do in ihcfedcfcrip- 
tions) is about N.VV^ ; it is 7^ miles in length to Aberdare, 
hefidei an exteufion thence, in nearly the fame diredlion, by 
a rnihnvav for hi milt'; further ; it is fituatc in the county of 
Glamorgan in South Wales, and is not far from the fca-coall, 
f r verj^ greatly elevated above the fame. I’hc great coal and 
ir<oi mints, and works near Aberdaie, Fiirno- Vaughan, &c, 
fcc.Ti its principal objedts. It begins in the Gtamorganjllre 
ranal near Kglwyfila, and terminates in the N^nih canal at 
Abernant. The firft 4^ miles of live canal arc level, and 
thence it nfes 40 feet to Aberdare. Mr. Thomas Dadfoni^ 
jir.j. is the engineer. A lock of fufiicicnt height, wdth pro- 
per fidc-w'eirs, was made near the lower end, to prevent the 
Glamorgnnjhire canal fiom fuffering by floods, that may 
make their way into and through this canal. The company 
may raife 3 5,500!. fharea, tool. each. The rates of tonnage 
are too long for fuch an abridged account as this ; they will 
be found in Phil/i^s lii/lory of Inland Navigation^ 
Appendix, p. 38. Boats 12 feet long and 5 feet wide may 
be ufed, free of toll on the pounds, by the adjoining occu- 
piers, for their huibandry purpofes. At Aberdare works 
are fome curious machines ; one is faid to be a pair of water- 
wheels, working one below the other like a figure of 8. 

Aberdeenshire Canal. Adis 36and4iof Geo. 111 .-— 
The general dircdlion is about N.W. for 19 miles in length, in 
Aberdeen county in Scotland ; itis near the fea-coaft, andisnot 
greatly elevated in any part ; tlieprincipal objeds feem thefup- 
ply ofthc town Aberdeen, the exportation of granite done from 
the famous quarries on its banks, and to form a communication 
between the harbour of Aberdeen and the vales of the river 
Don. ,It begins in the tidc-way in the Da river in Aberdeen 
harbour, and follows the courfc nearly of the Don river, in 
which it terminates at inverury bridge ; and paffes the pa- 
viihcs of Old Machart NewhilU, Dyce, Kinncllar and Kin- 

toic. 
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tofc. The rile is 170 feet by i) locks; the width of the 
canal is 20 feet, and depth or water feet. The harbour 
of Aberdeen, (conne^ling with the Det river near its mouth, 
at the S.E. end of this canal), was furveyed many years agu 
by Mr. yofm Sineatortf and lately by Mr. Thomas Telford^ who 
has, in his reports to parliament, recommended making 
it capable of receiving /hips of 18 or 20 feet draught of wa- 
ter. It appears that this canal was completed and opened 
in June 1805. The company might by the firft raife 
30»o:>ol., flnires 50I. each ; and by the 2d a£I 20,oool. more 
might be railed on 20I. /hares, bearing 5 per cent, intcre/l. 
Half-mile /lones to be erteied, Pleafure-boats of tw'clve 
feet long, and four broad may be ufed on the pounds. 

Auua River. The general dirtftion of this river is 
nearly north for 12 miles in the county of Suffex : its ob- 
j^:d8 arc the import of coals, deals, &c., and the export of 
farming product. New Shoreliam and Steyning arc con- 
fidcrable towns on or near it. It commences in the fea at 
Southwick below Shoreham harbour, and terminates at 
Bines-bridge in Wcft-Grinlled. In September 1S05, notices 
were given of the application for an a£t for extending 
this navigation from Bine/bridge to Baybridge in Ship- 
ley. 

jllford and Wainfleet, In July lafl. (1805) * furvey was 
ordered for an intended canal from Wainflcct haven to the 
town of Alford, the general dircclion of which line is nearly 
north, and about 12 or ij miles in length, in the county 
of Lincoln : this line is near the coaft, and feems but very 
little elevated above the fea ; its principal objeds feem the 
fapply of Alford, and the export of hulbaudry produce ; it 
is propofed to pafa the town of Burgh. Wainfleet 
haven is faid to be a very good harbour for trading 
/hips. 

Ancholme Navigation. Aft 42 of Geo. III.— The 
general direftton of this navigation is nearly fouth : it is al- 
moft ftraight (except the lall four miles), and about 26 
miles in length, in Lincoln flure. It is lituatc within 15 
or 20 miles of the coaft, and runs nearly parallel thereto 
through fens and level grounds for great part of its length. 
Its objefts, bclidcs a better drainage of thefe fens by a wide 
and ftraight cut, inllead of the old courfe of the river 
Ancholme, feems the fupply of Markct-Raifin and of 
Caiftor (by means of the Caijlor canal, which jvoins it at 
South Kelfcy), and the export of hu/bandry produce. It 
begins in the tide way in the Humber river near Wintring- 
bam, and extends to the town of Market- Raifin, palling 
near the towm of Brigg. 

Andover Canal. Aft about the 30th of Geo. III. 
Its general direftion is nearly north, and pretty ftraight, 
following the courfe nearly of the jintan river (which is na- 
vigable to Rumfey) for 22 J miles in length, in Hamp- 
(hire ; it is near the coaft, and not very greatly elevated in 
any part above the level of the fea. Its general objefts feem 
to fupply fuel to the country, and to export its furplus of 
farming produce. It connefts with the Southampton and Sa^ 
Hjhury canal, the latter entering it at Red-bridge, and Icav- 
iug it again at Kimbridge mill. The town of Southamp- 
ton, near its fouth end, is the 68th in the order of Briti/h 
population, having 7,913 inhabitants. This canal begins in 
the tide-way in Southam^on-noater at Redbridge, and termi- 
nates at Barlow’s mill near the town of Andovtr; the 
towns of Rumfey and Stockbridge being on its courfe. Its 
rife IK equal to 176} fr ,, and it is fed at its upper end 
from Pilhill brook. Tins line was furveyed by Mr. yames 
BrinfUiy in the year 1770, and an aft propofed, but the 
oppofition of the land*uw*0ers prtveated one being ob* 
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tained, until it had been again furveyed in 1789, by Mr. 
Robert Whitworth ; in a few years after which it was com- 
pleted for ufc. 

jit How andOvoca. In 1792, Mr. WilTiam Chapman fur» 
vcyed the vales of the Ovoca river in Ireland, and recom- 
mended to render the improvement of Arklow harbour, 
wdiich w’as then intended, more beneficial to the adjacent 
country, by counefting therewith a fyftem of fmall canals up 
the rapidly afeending vales of the Ovoca, by rifing 70 or 80 
feet at once in proptr places, by fomc of the fuPbftitutes for 
locks, of whicli wt have before fpoken. 

Arum River. This navigation has neatly a north di- 
reftion for ijj or 16 miles in the county of Suftex. To fup- 
ply coals, and export I’dim produce, feem its principal ob- 
jefts ; which arc facilitated by the Arundel canal, that joins 
It near Stopham bridge, and would befurlher accompliihed, 
w'ere the Surry Iron rtiiUway extended to it at Wi/borough- 
green bridge, as was propofed in the year 1801. It pro- 
ceeds from the fea at Arundel liaven to Wilborough-green 
bridge, pa/fing the town of Arundel in its courfe. 

Arundll Canal. Aft 31 of Geo. HI. — The general 
direftion is weft for about ii miles, following the courfe of 
the river Rothcr, in the county of Su/Tex. It is about iz 
or 13 miles from, ami nearly parallel to, thefea-coaft, above 
wiiicli it is but little elevated. The fiipplying of the inhabit- 
ants with coals, and exporting of hu/bandry produce, feem 
the principal objefts of this canal. It commences in the 
Arim river nearStopham bridge, and terminates at the lower 
plat near Midhurh, with a fide cut of about one mile in 
length to Haflingbourn bridge in Petworth pari/h. The 
line being through the parilhes of Stopham, Coldwaltham, 
Bury, Fittleworth, Ergdcan, Coates, Sutton, Petworth, 
Dunfton, Burton, Tilliugton, Lodfw'orth, Sclham, Am- 
berlham, Eafebourn, Woolavington, and Midhurft. This 
canal is the property of that public fpirited nobleman the 
earl of Egremotity but open to the ufe or the public, on pay- 
ing certain fpecified tolls. 

Ashijy de la Zouch Canal. Aft 34, Geo. III. — 
The general direftion of this canal, though in a fcrpentinc 
courfe, is nearly north, 40 miles in the counties of War- 
w'ick, Lciccftcr, and l')erby. It commences near and al- 
moft upon the grand-ridge on its cailcrn fide, and near its 
other extremity is tunnelled through a y tt higher fide-branch. 
of the great ridge. The conveying away of the coals and 
lime-ftone from this laft ridge, and the fupply of the town® 
on its borders by means ot the Coventry canal, with whicK 
it connefts, are its principal objefts. Coventry, which is 
near it, is the 24th town for population in Britain, having 
16,034 inhabitants ; while Hinckley, wdiich is upon the linCf 
has 5,070 perfons, and is the 1 20th in order. Market Bof. 
worth and Aftiby-de-la-Zouch arc other confiderable towns 
near or on the line ; the commencement of which is at 
Marilon bridge near Nuneaton, on the Coventry canal, and 
the termination is by a railway (of 3I mile«)atTicknal lime- 
works ; there alfo is a raihway branch of 6 } miles to Cloudf- 
hill lime-work ; another to Mr. Wilke\ Mea/ham collieries 
of 5 miles : a cut of 2 j- miles to Sw'adlingcote coal-works ; 
another of }. mile to Staunton lime-works ; another is to be 
made to Stanton Harrold park (if defired by the earl of Fer^- 
rers^ the proprietor thereof); and there is another ihort cut of 
200 yards to Hinckley wharf. The firft 3c| miles of this ca« 
nal are level, extending to Oakthorpe engine on A /hby woulds, 
and forming with parts of the Coventry and Oxford canals, a 
level of 73 miles in len^h, being, without the branches, the 
longeft in the United lungdoms, and rendered more fingnlar 
by being on (b high a levft, m So crofs the grand ridge with* 
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out s tnnne!» From Oakthorpe cngioe to the Boothorpe 
feeder, i| mile, is a rife of r^o feet, thence the fummit level 
of 4i miles extends, through the principal tunnel to its north 
end ; thence to the Clo«jddiiIl branch, ^ of a mile, is a fall 
of 84 feet, arnd thence to Ticknal works is it level. The 
Cloud/hiU, Swadlingcote, and Hinckley branches, are level 
with the line, and the Staunton branch falls 28 feet there- 
from. On thia canal arc two tunnels, one near Afhby- de-h- 
Zouch town, of 700 yards in length, and the other near 
Snareton of zoo yards. At Shackerton and at Siiaretoii 
there are aqiicdufls ; and at Boothorpe a refervoir with a 
fteam-engine for pumping up its water into a feedci for the 
fummit-Ievel of the canal. The rail-way branches, and tome 
part of the canal were completed previoufly to May 1802, but 
It was not until about May 1805, that the whole of the line 
was completed and opened. The company were authorilVd 
to raife 200,ocol., the amount of (hares jool. each. Public 
wharfs arc provided on Afhby woulds, and at Green-hills 
near Sutton Cheney. Sir George Beaumont^ the owner of 
collieries at Coal-Orton, to which rail-ways had previoufly 
been made at great expence connefting with tl»e Letcejler 
navi^tion, ts to be compenfated, and the company may pur- 
chaie certain annual quantities of his coals for fuch purpofe. 
This company is alfo bound to indemnify the Letcejler naviga- 
tion, and to allow them a rate of 2$. 6d. per ton on all coals 
carried upon this canal or its branches beyond a certain point 
from the coal-pits in the neighbourhood of their watcr-lcvcla 
or rail-ways. To the Coventry canal company they are alfo 
bound to pay 5d. per ton for all coals, and fome few other ar- 
ticles, which pafs upon any part of this canal or its branches, 
and afterwards upon any parts of the Coventry^ the Oxford^ or 
Grand Jundton canals, or from either of thofe canals to 
this : and for duly enforcing this lad compenfation, the Co- 
ventry company are autliorifed to creft to!l-houfe and bars, 
and ilation their own coUe£lors when and where they may 
chufc upon the works belonging to this company. The 
rates of tonnage allowed, vary from 2d. to Jd. per ton 
per mile on different goods, while fome articles ate to be 
allowed to pafs toll Kee. Our limits will not illovS of dat- 
ing thefe particulars, which will be found in Phillipses 
ntflory of Inland Navigation^ 4to. Appendix t p,% I18. In 
June 1796, a furvey was made by Mr. IVhitvjorib for con- 
ned^ing the north end of this canal, by means if the pro- 
poftd Commercial canal, with the Trent and Merfey and the 
Chejler canals, and opening the long wiflied for eommuuica- 
tion between London, Hull, Chefter, Liverpool, Manchef- 
tcr, &c. for river-boats of 40 tons burthen. In confequence 
of the failure of this feheme, in the January following, it 
was propoftd to extend this canal to the Trent at Burton, 
and to the Trent and Merfey at Shobnall. 

Avon Rives, {Batk.) The general dircdlion of this na- 
vigation is about S. E., in length 26 or 27 mile’*, by a 
crooked courfc in the county of Somerfet, and (kiriiug that 
of Gloucefter : it opens into the Severn river, and is moft 
of h a tidc-way. The objeds of this navigation arc as 
various, as the imports and exports of fuch Uirgc places as 
Bath and Briftol, and a populous neigbhourhood require ; 
befidet iu connexion with the Kennet and Avon canal, and 
the other canals therewith conneAed. The city of Brilhd 
is the 7th place in the order of Briiifli populatfOTi, having 
< 58,^5 inhabitants, and Bath is the 12th, wth 32,200 10- 
kabitaiits. The commencement of this river is in the King’s 
road in the Severn river (here about feven miles wide), 
and its navigation ends at Bath, near the commencement 
of the Kcnmt and Avon canal. About the year i8oj, 
or 1804, an aA was obtained by the Brijlo! Dock com- 


pany, for converting about 70 acres of the old ami crook* 
ed courfe of the Avon into a vaft floating- dock for (hips, 
and to cut a new channel for the river. About M.ay 
1804, thefe works commenced, undtr Mr. JV, jiffop, and 
great pro^refs has been made towards their completion. 
Two call-iron bridges arc ercAinguwcr the Avon near thefe 
works ; one of them from Clifto i-down to Leigh-down 
will, it is faid, be 200 feet high above the furface of the 
water, and the other fufliciently high for fliips to pafs under 
it. That eflential appendage, a towing-path, was wanting 
on this river, until the above company was eilabliihed, who 
are making one on e.ach fide of the river, from Pill up to 
Brillol, and one thence to Hanham mills ; from wWh 
place up to Bath, a towing-path is propoftd to be extended^ 
under an adl, for winch notices have jnll been given ; this 
laft pait of the river is alfo intended to be improved in other 
rcfpedj. We have, alfo, lately fecn a notice for a further 
application to parliament l>y the Brijlol Dock company, for 
creeling a dam and overfall, with (liiicts, &c. at Red-cliff 
in BedminlUr, to keep up tlie water for the new floating 
docks, and for other amendments of their former aAs; in 
1796 it was propofed that the Kcntiet and Avon canal fiiould 
be extended lo this river at Briflol. At Bitton below Bath, 
it was lately propofed, that the Glounjletjbire (houtd 

conncA. In 17^2, Mr. Stratford gave a defign fora new 
ftonc bridge in Brillol of one arch, ij^o feet fpan, and ,32^ 
feet high, ivhich Mr. John Smeaton examined and approv- 
ed ; and in 1765, the lall mentioned engineer gave a de- 
fign and ellimate for a floating dock nearly as above ; after 
which, Mr. Campion made other defigns. 

Avon River, {Snlijhury.) The dircAion of this navigable 
river is very nearly north, and its length near 30 miles, ia 
the counties of Hants and Wilts. The general objefts of thia 
navigation are the fupply of Salifbury, and the adjacent 
country, and the export of its agriculture produAs. Near 
Salifbury, it conneAs with the Southampton and Sa/ijbury 
canal. Salifbury contains 7,668 inhabitant, and is the 70th 
place in the order of our population ; Fording-bridge, Ring- 
wood, and Chriil-Church, are likewife conlklerable towns 
on the line. The commencement is at the fca in Chriil- 
Church harbour, and termination at Salifoury. The locks 
and works of this navigation had not been long completed, 
before a fudden flood happened, which fwept away the 
greater part of them ; in which ftate it lay until 1771, when 
Mr. James TJr/W/ejr furveyed its coiurfe, and recommended a 
new canal by the fide of the river ; this was not however 
adopted, but the river-works have fince been repaired ; and 
the impcrfcAion of them, was, wc believe, among the moll 
powerful motives for tine adoption, in i 795 » of ^hc South* 
ampton and Salijhury canal above mentioned. Mr. Smeaion 
examined Chriitchnrch harbour in 1764, and recommended 
another pier to be built welt of the old one. 

Avon River, [Stratford,) The general dircAion of this 
navigation is about N. E. by a crooked courfe of near 40 
miles in Worccilerfhirc ai«d Warvvickfliirt 1 the lower end 
thereof is but a few feet higher than tlic tidc-way. The 
trade thereon is very various, depending in a great meafurc 
on the conneAion which it forms between the Severn river 
and the Stratford canal, Tewkfbury, Perflwre, Evefham, 
and Stratford^ arc confidcrable towns upon it. It com- 
mences in the river Severn at Tcwk(bury, and terminates at 
Stratford on Avon, near the JunAion of the Streaford canal. 
George Perrot^ cfq. is the proprietor of this navigation, and 
entitled to certain tolls, which were not to be leficned by 
the new communication with the Severn^ which the War*- 
cejler and Birmingham and Stratford canals were to open, but 



348 

they were, by ihcait for i!io latter coiiCeni (J3 Geo. Ill ), 
lo make ijood anv falling nif in thtfe tolls. About 1792, 
the Strnlfird and Creperdy was j5rfipofed to procetd frem 
this river at Stratford to the Oxford cajial. 

Axf. River. The general cliret*h’on of tliis navigation is 
nlmoft S E. for about 1 1 miles in length by a crooked courfc 
i\j the county of Somerfet : it is but little elevated. Its 
chief objeds arc the import of coals, and export of farm 
produce, Axhiicl^c being l!ie only town of any importaticc 
upon it. !’■ commences in the Erillol rhaniKl near Uphill, 
and terminates near A\ bridge. An adl of the 4 2d Geo. 111 . 
palled, for altering vind imj>n)ving that part of it which is 
between Bleydon and Axbridge. At lil.-an the Jjri/loi and 
T(W0.''jn canal was once propofed to join tlii?* navigation ; 
as the Esctvr ami UphiH alfo \ia5 dcHgned to do at 
llphiil. 

ylseri'.nth and Env^port* In 17^9* fy twits Ijr/tidlry 

Cmvcycd this line, winch is nearly north, and about miieji 
in length, in Devonfhirc, Dorfetfhire, and Somerfei/lnm, 
crolTnig litc foulli-wellcrn branch of the giaud rid^;e. 
'rhe objrdii of it fecin to have been the fnpply of coals, ex* 
porting the productrj of tlie country, and opening a coni- 
jnuniCfUiou between the fonth coaft and the Brillol channel, 
by mcana of the Parrel river. Axminller, Chard, an?! 11 - 
mivilUr arc the principal towns which this line was to ap- 
proach ; commencing in the tide-way at Axemouth, and 
terminating in the Parrel river at Langport. 

Ayke and Cai.oitr H.\vigatiox. Ad 9or »o of Will. 
III. Tlie general diredion of ihcjiyre river itj neai ly well, for 
about 40 miles by a ferpcntinc courfc, from wliich the lowell 
part of the Caldcr river branches, nearly fouth-wcil, by a 
crooked conrfe of about 1 •; miles, all in the Weft Riding of 
Yorkftiire. Tiie (irll of ihtfe rivers, though an inlei u.d one, be- 
gins near the level of the tide-way, and no parts of either of 
the navigations thereon are much elevated. The olyeds of this 
navigation were at firft very conftderablc, in the imports and 
exports of the populous, mannfaduring, and coal country 
llirongh which it paflVs, and they arc greatly increa fed, fince it 
lias formed part of tlie grand communications between the 
port of Hill!, or the German Ocean, and the towns of Man- 
chefter and Liverpool, or the Irifti Sea, hy means of the 
Leeds and L 'rverpoof Ruehdale, and Huddersfield canals, and 
others jomiiig them. It conneds near »Snauli with a branch 
of the Don or linn river ; at Leeds, with fome confidcrable 
r/7// extending to collieries frtim the coal-ilaith ; near 
Wakefield it conned-t. with the Hnrnjlry canal, l.ecds is the 
8th place in point of popnbilion in Ihitain, having 5;,x^)2 
perfons, and Wakefield the 64lh, with bi.Ji perforis ; Hun- 
(Ict, near it, is the lotth, with 5799 perfons; Snaith, 
Selby, and Ponln fad, are alfo con.llderable places ntar this 
iiavigaliuu, which begins in tlie Ou/e river near Army n (to 
wliich place 5.^ and 60 ton (loops come tip), and terminates 
its nortli wtllcni branch at l.eeds in the Leeds and J Liverpool 
canal, and its fouth wclltrn branch at Wakefield in the Cal* 
der and II ehhle navigation. It has alfo a branch of canal about 
4^ miles to the Oufr river at Selby, for ftiortening the diftaiicc 
to* York, &c. ; and another of mile near Mathlcy, be- 
tw»een the ^yre and Calder rivers, for (hortening the voyage 
between Leeds and Wakefield. The boats gencnilly uftd 
hereon are 5O feel long, wide, and draw j feet water, with 
28 tons of lading: theL boats often go down the Humher, and 
round the coaft, to the (VeUand ana Great Oitfe rivers. The 
pmprietors are antluirifed to exad lb high a rate of ton- 
nage as i6s. per ton in winter, and lo/. in fnmtner, between 
Leeds and the Ot/f* It is pi-ovided in liie HudJetsJttId 
34 Geo. III., that if any communication is hereaiter made 
with that canal to the eaftward, the proprietors of this are 
to be compen fated. The oppolition of tntfe parties proved 
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fatal, in 1J69, to a canal which Mx^ Hiindliy furveyed bc» 
tween Selly and Leeds. 

Barnsley Canal. Aa ^ of Geo. III. The firft 
part of the courfc of thi^ canal is fouth, and the remainder 
weft, about 15 miles in length, in the Weft Riding of York- 
ftnie : its weftern end is confiderably elevated above the level 
of the fea. 1 he principal ohjeas of it feem to be the export 
of coals and paving-ilones, and forming a (hort communica- 
tion with Rotherham and Sheffield (by the Deame and I) o-oe 
canal, with which it connctls at Eyming wood near Barn- 
(ley), and Leeds, Wakefield, Halifax, Manchefter, Liver- 
pool, See. Wakefield is the 64th town in the order of popula- 
tion, with 8131 perfons; Baniflcy is alfo a confiderablc 
town. 1 hia caiip.l coinineuces in the lower part of the Cal- 
der river, or yjyre and Calder navigation, a little below 
Wakefield tovvn, makes a turn when it arrives at the lltarne 
river, and tennindtes at Barnby-bridge ncurCawthorn ; there 
13 a branch of miles to Haigh-bridge in Wooley parifh, 
and I ail-way branches to Barnfley tovvn i mile, and to 
Silkftonc 1 mile. From the Calder to the Junction of the 
Dcarne and Dave canal, about o miles, is a rik of 1 2o| feet : 
iliiti is cfTe^Ud by three locks together, near Agbridge, 
having a low level or fidc-cut brought up to near the upper 
potind, with a fteum-enginc for pumping up the water agaiii* 
which is let down by the lockage ; by ij other locks near 
Walton, and a long fidc-ent, from which engines pump up 
the water to fiipply the pound above thcle ; and, near 
Birgh. bridge, by 4 other locks, a fidc-cut, and engine. 
On tlic Haigh . bridge branch there arc alfo 7 locks together. 
With a low iidc'Cut, and u fteain-enginc for pumping up the 
water required for lockage. At Eym h an aquetfudt* bridge, 

1 his canal is adapted to the ufc ot the fame fized boats as 
nnvigaie the (.aldtr, Jt is provided, that any rail-wavs 
or^ llone-rotuls, that may be made northward from Uargh- 
hridge (rr mill) ftiall be difcontir.ued or removed, if a 
cut (hall be made from the Cuhlcr and Hebble navigation, 
to^ connect herewith; alio, that the lleam-engine near 
\\ ariufiLld (hall be fo conlliuClcd as to burn its own fmokc, 
to prevent any Tinifaiuc to ilic inhabitants. The company 
were authorifed to niife (>7,000!., (liarcs, lool. each. This 
canal was completed and opened 8lh of June I799» The 
rates ol tonnage on diffeicnt articles are various : feme fixed 
at 6d. to 4d. ior the whole length of the canal ; and various 
others at 3d. to [.d. per ton per mile, with fcvcral exemp- 
tions, rati.8 of wharfage, See Ph'dltfs Hi/lory, 410. 

to 4j. The cMigineers were Mr. William JeJhpm 
Mr. iVilmwi aud Ivfr. GolL 

Barrow RivfcR [Ir.Jttnd). This is one of the rivers, 
for the improvement of whole navigation the Irifti parliament 
granted fcvcral fums of the public money, bet w'cen the years 
1753 «»d J771, ainoiiming to ij.r^ool. It is probable that 
Icfs than the half of this amount, raifed and expended by 
individual pmprietors, with that circumfptdlion which fclf- 
intercil can alone inipire, wmuld have effcaed what, wc arc 
told, this expenditure has left very imperfcft. At Portar- 
liiigton and ;:t Monetleravcn this river was to be Joined by 
diirerent brandies of the Grand Canal. 

BasingstokeCanal. This line of canal was firft pro- 
pofed in J.772, as an t xtenfion of, or appendage to, the canal 
intended for (Iiorltning the courfc of the navigation of the ri- 
ver Thames t between Reading and Maidenhead ; but it waa 
fomc years before the (irll aft for this was obtained, in 1778; 
the otia. a6l is the j of Coo. III. The general dircAion 
of tliis canal is nearly weft, by rather a crooked courfc of 37 
miles in length, in the counties of Surry and Hants ; tiie 
fummit-pouiid thereof of 22 miles in length is upon a high 
Icvej, near the fouth-eail branch of the grand-ridge on its 
north fide. The principaLobjedls thereof feem the import, 
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of coalsy and export of timber and agricultural prodtice, from 
and to the Thames* IJafingftokc and Odiham are confider- 
able towns on or near its line, which commt:nce« in the Wey 
river at Wtllley, (about two miles ftom its jundioti with the 
Thames,) and terminates at Bafingllukc, A cut of 6 miles in 
length, and level with tlic fummit-pound, was propofed 
northward to Turgis Oreen, but has not yet been begun, as 
we und^rRand. The iirll 15 miUs from the Wey river has a 
life of 195 feet by z\) locks toDadbrook, (the part at each 
lock being about j feet) from whence to Bafingllokc it is 
level: 45 ton boats arc uftd on tliis canal. At Grcwel is a 
lijuuel, part of which irterfedls the chalk ftrata, (about -4 
mile in length) that had the misfortune of falling in; but the 
fame has, we arc told, been fubilantially repiircd. At AU 
dcrlhor. there is a large refervoir for the fupply of this canal, 
(which was begun in 1788 and completed in at the ex- 
pence to the proprietors of i6o,oool.) and aft cdcr from the 
liver liodden. There are 72 bridges over the canal, and fevc-ral 
culverts acrofs, to convey the water from tlic upper to the 
lower lands. The company were autliorifcd to r,iilc: 186, cool. 
The prices of freight from Bafiugftoke to ilamhorough wharf, 
I.ondon, for coarfe and heavy goods, was, in 1800, 15s. 
|)or Ion ; to the dockyards, as far as Deptford, iCh, ; and 
l(> Blackwall docks, 178. per ton for limber, &c. The 
1 igth ol a pufTage is three or four days. In the year 1796 
th.‘ re w'as an intention of extending a In anch fiom near Ore- 
V. /II tunnel, of about 2a miles in length, to the navign- 
ti'Mi that conncdls with Southampton water \ about 1794 
there w'as an expectation of its being joined by the canal 
vliich will next be mentioned ; and in iSci, notices w^ere 
j;iven of an intended cut from Chilion-inoor to BagRiot- 
grten in Windlefliam ; for want of thcTe or fume other junc- 
tions that (hall throw a greater trade into it, this pnal has, 
though improving, been as yet rathtr unprodu6tive to the 
(h^ re -holders. In i8co there was a propofal fur extending 
the Grand Surry to meet this canal at the Wey river. 

Bafmgjhke and Hampjiead. About the year * 794 i ® hoc 
of canal was projc6lcd, and notices given, extenaing from 
the Bafingjioke canal at that town, to the Kesmt and Avon 
canal at HampRcad, 2 miles above Newbury, the length 
of the line was faid to be 22 miles ; we have finec heard no- 
thing of this fcheme. 

Belfast to Loch Neagh. This line of ciual was be- 
gun under an aA of the IriRi parliament feveril years ago, 
for forming a communication with the fca at Ctrrick fergus 
Bay and the above ir.land lake or loch, as alfo for export- 
ing marble from the quarries thercot near its line. 

Belper Canal, In September iSoi, notices w»crc given 
for a propofed canalj rail-ways, &c. from the Cromfurd 
canal at Bull-bridge, to Black-brook-bridge, through the 
parifhes of Crick, Hcage, Afhlcy, Kay, Beiptr, and Duf- 
field ; all in Derby (hire. 

Bi^Mwade and ILrtf jrd, Several years ago a propohil 
was made, for joining toe !\'cl river at Biggie! wade with the 
Lea river at Hertfo d. by means of a canal pafling the town 
of Hitchin, by which an intenKil communication between 
I.ynn and LoJidon would be opened ; but the difficulty of 
fuppUing a fjmmit-lcvcl near Stevenage with water, feeing 
a greater obRadc than the expedted irsde would pay for 
fjrmounting. 

Bikminc H A 7*i {' dd ) Canal. Ad\sthe 8th, iith, 
23d, A4th, and 34th of Geo. HI. the laRbut one of which 
adts, unites the concerns of this company with thofc of the 
Bir.nlrtr^bam and Fazeky cannl below ; but as ihtfe canals 
were coultrudtcd and remain utiJci* diilind provilions in the 
a^^s, and tak.*; different diredious from the town of Bir- 
minghrtni, where they meet, we have deviated from our 
eCual rule and continued them feparate in our account. The 


peiiei-al d^redion of this canal is about S. E. and zzl miles 
in length by a crooked courfc, through the counties of 
8ta(Ford, a detaclicd pirt of Salop and Warwick: it 
fleirt.*! along rear the grand-ridge on its euiUrn lidc, at fo 
high a level as to crols it near its northern end without any 
deep culling or tunnel ; and, in that high fituation is w'holly 
fupphed by refervoirs for flood waters, or Ream engines 
winch pump up the water again, .^fter it has been let down 
for lockage, ur out of old and d.fufed coal-pits. The prin- 
cipal ohjeds of this canal arc the carrying away of the coals 
from the luimcroup mines on its hanks and branches, and the 
manafatluKd goods of Birmingham to Liverpool, Maii- 
chelUr, cScc. It conneds near Farmer’s-bridge at Birming- 
ham, \\ii\i the IVoyLcpev and Birmlughanit at Tipton Green 
with the Dudley canal, and nirar Wolverhampton with the 
^^*'d JUJht^lnti canal. The great towns on and near 
the Line arc, Birmingham, the 6th in the order of popula- 
tion, containing 73>^'7‘^ inhabitants: Wolverhampton, the 
33d, with 12,56/; peilons; Walfal, the 47th, with 10,399 
pcifons; Dudley, the 49th, with 10,107 perfoiis ; and Bil- 
lion, the B7th, with 6,914 ptrfona : in the centre of fo large 
and adlive a population as this, the wonder in a great mca- 
fure ceafer., that this canal, conRru^led a!::d carried on u^dcr 
fiicli peculiar difadvantagcs, Ihould neverthtlefs have proved 
ihe inotl lucrative concern of the kind in the kingdom. This 
canal commeucea in tbe hlnjjordjhlve and Worcr^erjh'ire canal 
at Aldeillty or Anthcily, nt.ar Wolverhampton, and termi- 
nates in the Birmingham and Fazelcy canal, at Farmer’s- 
bridge. near tlic upper end of the town of Birmingham, the 
line being ciruble in two places, viz. at Tipton, where a 
tuiiiK'l of near icoo yards, and a canal of i-J- mile in length, 
between BloomOcld and Deeplield lias been made nnce 
179.1, for avoiding a zig-zag loop round Tipton hill, of 4 
miles ; alfo at the Smith wick locks, where two canals with 3 
lucks on each have been mudL-, fincc 1787, for accommodating 
theimmenfc traffic which is houily palling. The collateral 
cuts are very numerous, the principal one extends from near 
Bromwich to the town of Walfal, by a crooked courfe of 
miks ; from this branch nine or more branches Rrike off 
to as many coal- works, &c. on each fide of it ; the ter- 
mination ot fome of tliefe arc, near Wcdnclbury town, at 
Broad-water engine, Toll-end, Biadlcy, Billion, David's 
Ram-farm, and other coal-works : the lengths of all which 
are fcveral miles. From the line there is alfo a cut of about 
one mile, to Oker-hill coal works ; another to Mtlfrs. 
Bolton and IVatds famous Soho foundery, and another to 
Newhall-ring bafon and wharf in Birmingham. In the firlt 
mile and three quarters, the nfe from the Stujfordand IVor* 
cejler canal is 151 feet, by means of 20 locks, then iS^ 
miles are level ; a defeent of j8 feet then takes place, by 3 
locks (on each of the two brmclr.s before-mentioned) ; the 
remainder of the line about 4^ miles is level, to the jnndlions 
of the Birmingham and Fuvicley and the IV or cejler and Bir-, 
mingham can ils at Farmer’s bridge. The Walfal branch, 
where it leaves the line, ha.s a fall of j 8 Let by means of 
3 locks, and about two miles further near Ridcr’s-^rcen, a 
further fall of 48 feet by 6 locks, whence to Walfal is level ; 
the Toll-end branch has a rife of 15 feet by 3 locks, and 
the Bradley of 20 feet by 4 locks, all the otlicr cuts being 
level. Tnis canal was originally cut 28 feet wide at top, 16 
at bottom, and 4^ deep ; but by conRant wear and widen- 
ing it is now 40 feet wide at the top on the average. Tlie 
locks are 70 feet long and 7 wide in the cltar, and the boats 
carry iihout 22 tons. At the coal -wharf near Farmer’s-bridge, 
and at its fide cuts, 40 boats can unload at the fame time; tlie 
New hall-bafon of 2 acres, is for the unloading and loading 
of timber, ftone, dates, and general merchandize, no whart- 
age is charged at either of thefe wharfs. Originally, there 
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Waf a fiimRiit-level on the line of about one mile in length at 
8mithwick, i8 feet higher than at prefent, (of which looo 
yards was deep-cuttinir, 28 feet in the deepefl part) and it 
%vas Aipplied until 1787, by a (Icam-engine at eacn end ; 
when, owing to the in- teafing trade, this fumniit was cut 
down, and 6 locks ren.oved, making the deep-cutting one 
mile in length, and 46 feet deep in one place ; and though 
this work was 2^ years in hand, and cod 30,0*301. yet it 
was fo managed, that tlie palTage of boats wus only 14 days 
interrupted thereby. There is a conlideraMe refervoir near 
Oldbury, and another near Smithwick, with feeders for con- 
veying their waters into the fummit level. 'Phe celebrated 
Mr. James Brtndley was the original engineer, and on ti;e 
6th of November he completed iq miles of the line 

and branches next feiiminghain, by which coals were firll 
brought by water to that great town from near Wednef- 
bury, and their price to the inhabitants was lowered at once 
from 158. and i8s. to 7«. 6d. per ton 1 In Odober 1772, 
the line was opened, and in June 1709, the Walfal branch 
was completed. The proprietors wcie authorifed to raife 
115,000!. before the confolidation of this and the B'lrmmg^ 
ham and Fa%ely concerns. At firll the (hares of this were 
lool, each; but were by the fccoiid ad 9th Geo. III. re- 
duced in number and made iiol. (liares; thofe created fince 
the 24th Geo. III. arc 170I. (hares. The original tonnage 
0 ) all goods, (excepting lime ftone) was per ton per 
mile, and for lime-llone and lime, |d. per ton, except for 
manuring of the lands of the adjoining proprietors, and road 
materials were allowed to pafs toll-free ; but the fubfequent 
alterations in the fcvcral ads fincc w'uuld much exceed our 
limits to menttori, thofe w ho are delirous of further informa- 
tion will find it in Mr. John Cary's Inland Navigation^ 4to. 
pages 36 to 45. By the Dudley ad, 25th Geo. III. this 
company are entitled to certain tolls on goods pafling on or 
off of that canal to this ; and, by the Ivyrley and JLjJtngton 
ad (32 Geo. III.) to other rates for the Jundion therewith ; 
all wdiich may be feen as above. About the year 1790, a cut 
was piiopofed from this canal (inllead of the Dudley junc- 
tion) to Nethcrtoii collieries I2f miles, by a tunnel through 
the grand-ridge near Oldberry, of 2,078 yards, and 184 
feet under the hill: in 1796, a foundery and large works 
belonging to MclTrs. Bolton and IVatt^ w'crc creded on the 
banks of this canal 5 miles from Soho. This canal extend- 
ing acrofs a country full of coal, it w^as apprehended that 
the finliing of the old pits might damage the fame, and the 
company have power to enter and examine mines to prevent 
their working within 13 yards of the canal, except by palTages 
of 4 feet wide, and 6 feet high : for want of more ftrid atten- 
tion to this, fome of the branches near Wcdiicfbury have 
been undermined and broke in, fo as to caufe the canal to 
be abandoned in that part. From fome of the old worn out 
coal-mine fhafls near Biliione, a lambent blue flame arifesin 
the night, of which a great deal has been faidand wTitten. 
Proprietors of mines within loco yards of this canal, or its 
branches, may make rail ways thereto. 

Birmingham and Fazeley Canal. Ads 23d, 24th, 
25th and ^4th of Geo. III. ; the fecond of thefe ads is for 
confoHdating this concern wdth the old Birmingham above ; 
but each part of the canal remains fubied to its own original 
regulations, as above obferved, and the laft but one is for 
coiifoltdating 5^ miles of the Coventsy canal herewith, fub- 
jed to the original powers of the Coventry z& (8th Geo. 
III.) under which it was fet out and made* The general 
diredion of this canal is S. W. cxclufive of the late Coven- 
try part, which lies in a diredion between N. and N.W. 
from the original terminatioii at Fazeley i the length of the 
whole is 20\ miles in the counties of ^aSbrd and Warwick : 
tim wh^e of this Hoc of canal is confidecaUy elevated, but 


particularly the S.W. end in the town of Birmingham, which 
If litoate near the grand*ridge on its railerii fide. The 
great objtds of this canal are, the axport of the manufac- 
tures of Birmingham towards London or Hull, and of coals ; 
the fuppiy of grain and other articles to Birmingham and 
its populous and bufy neighbourhood ; it conneds with the 
Wyrley and Effinglon canal near its commencement at Whit* 
tington-brof.k, with the Coventry at F'dzcley, with the lVar» 
wich and Birmingham at Digbeth, and with the Worcejier 
and Birmingham canal near its termination at Farmer’s- 
bridge. Birmingham^ as before obferved, is the 61 h Bri- 
tifli town, with 73,670 inhabitants, and Tainwoith neai the 
line, is a confidcrable place. The commencement of this 
canal is in the detached part of the Coventry canal, at 
Whittington-brook, and its termination in the old Birming- 
ham canal at Farmcr’s-bridge at the fop of Birmingham 
town. From the N.E. entrance of the town of Birming- 
ham, a branch (leirts the town to the lower part of it called 
Digbeth, and there conneCls with the IFarwich and Bir- 
mingham caral. From the detached part of Coventfy canal 
at Whittington-brook, to its juiiftion with the line of that 
canal at Fazeley, and thence pad the fmall aqueduft bridges 
near Middleton-hall, about 8^ miles are level with the 60- 
ventry canal ; from thence to the aquedufl bridge over the 
Tame river at Salford, 9^: miles, has a rife of 90 feet by 14 
locks, thence to the Digbeth branch, near i \ mile, has n 
rife of about 7 t feet by 1 1 locks ; thence to the old Bir* 
mingham canal at Farmcr^s-bridge, about mile, is a rife 
of about feet by 13 locks ; the Digbeth cut, of about 
ij mile in length, has a fall of 40 feet, by 6 locks to the 
Warwick and Birmingham canal. The width of this canal 
is about 30 feet, and its depth 45 feet. The locks are 70 
feet long and 7 wide in the clear, carrying boats with about 
22 tons of lading. There are a wharf and bafon at Digbeth 
for the accommodation of the lower part of Birmingham. 
The Salford aquedud bridge has 7 arches over the Tame river 
of 18 feet fpan each. The Digbeth cutis tunnelled or rather 
arched over in the town of Birmingham ; there is alfo a (hurt 
tunnel on the line where the Liverpool road crolTes. The 
Coventry company being unable for want of money to pro* 
cccd with the efTeniial part of their line, between Fazeley and 
Fradlcy, where it joins the Trent and Merfey canal, the 
latter company for the fum of 500I. over and above the ac- 
tual cxpenccs, undertook to complete this length, by agree- 
ments of the 29th Odlober 1783, vhich the a£^ (of 33d 
of Geo. III. above) confirmed ; this they accomplifhed, the 
half iicareil to Fradky in January 1787, which the Coventry 
company in Odt. i787purchafed of them, agreeable to the 23d 
Geo. 111 . (which occafioos them now to have a detached 
length of canal) ; the other half, between Whittington-brook 
and Fazeley, was completed in October 1789, and on pay- 
ment of the cod thereof by this company, it was conveyed 
and made over to them, agreeable to the a£l above quoted. 
On the 1 2th of July, 1790, the aquedud bridge at Salford 
being completed, as well as the line of canal, the fame was 
opened, and the water communication between Birmingham 
and Hull or London, was thereby efFe£ied. The fnma of 
money to be railed for this canal, were not dillingui(hed in 
the ads from w*hat was intended for the extenfion and im- 
provement of the old Birmingham canal, the amount of each 
fhare was 1 70I.; but the a6t 24tb Geo. 111 . limiting the num- 
ber of (hares to 500, they feem now to be variable. The 
rates of tonnage are too complicate for us to attempt their 
particulars, and we muft refer the readers to J. Cary*j In- 
land Navigatio/tf 40 to 44, and pages 75 and 77* 
the Warwick and Birmingham ad (33d &eo. 111 .) ccrUm 
duticf are fecured to this on goods paffiug from or to that 
atnaly wkidi may be feeu in Cary^ page 44. It is prov^ed 
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tbal tlie tonnage per mite on coalu, is to be the fame on thia 
and the Coventry and Oxford canaU. 

fi\(hopJlortford and Cambridge, In the year 1785 Vlr,yobn 
PhilifpSf in a quarto treatife^ recommended a line of canal 
from the Stor^t nver, at Bifhopftortford, to the at Cam* 
bridge, either by way of Littlebury and the Granta river, or 
near to Iloyfton by the upper part of the Cam; which might 
ht done, he fays, for little more than 20,000 1. but no levels, 
or other eifential particulars arc given ; nor do we hear of 
any fuch, w'hen Mv,R,Dodd again revived this idea in 
j8o.?, and wiihed to make this line part of his Nori/j Loudon 
canal. 

Bi/hopjlortford to Wilton. In 1789 ^K.John Rennie was 
empfoyed by fcvcral gentlemen of Effex to lurvey and report 
on a line of canal from Hifs, near Wilton, on the Brandon or 
Little Otife river, at the edge of the fens in Suffolk, to the 
Stort river at Bifhopftortford ; the diiiance fi*om the little 
Oufe to Ugley, the beginning of a propofed tunnel (of i of 
a mile) near Effingham, 45^ milec, with a rife of 25 feet ; 
thcQCc to Fuller's- end, near Effingham, 2^ miles, and level *, 
and thence to the Stort at Bilhopffortford, 4^ miles with So 
feet fall ; a cut was propofed to Burwell on a branch of the 
Cam river, and it was to crofs the Lark river. Several large 
refervoirs were defigncd, and three tunnels, two of them 
being neceflary to reach the town of Saffron-Waldcn, and to 
mifs Audlcy park. The eftimate was i7';,oool, and a 
bill was brought into parliament, in lypo, for the fame, but 
it there met a fatal oppofition. 

BlaCkWatsr Navigation {Ireland). This river falls 
into Loch Neagh, and for extending a navigation therefrom 
to the Dungannon and Tyrone collieries, the Irifti parliament, 
between 175.3 and 1770, granted various fums of the public 
money, amounting to ii,oool. ; a canal with 8 locks, ter- 
minating in a bafoii, was con(lru6led before Mr* Davis Du» 
kart the engineer was employed thereon ; who, finding the 
three miles with 200 feet rife, which remained lo do to reach 
the Tyrone collieries, to be too great for a canil with locks, 
he conftruded, about 1776, four water-levels, twth three in- 
clincd-planes, of 70, 60, and 50 feet rife, to conned |hem, on 
which fmall boats were made to afcend and defcend, as we 
have already mentioned, thefe being the firft mlinedplanes 
for boats brought into ufe in the United Kingdoms ; it ap- 
pears, however, that thefe were foon laid a fide io this place, 
and a rail Hvay was fubffituted. This navigation was intended 
to conned with the Nevory canal. 

Blyth River. This river, between Northumberland 
and a detached part of the county of Durham, appears to be 
navigable but a fmall diiiance above Blyth harbour j but we 
underftand it has fevcral confiderable rail-ways tomi:(Shng 
with it, for bringing down the produce of the collieries to the 
(hipping. 

Boyne River { Ireland ). This is one of the rivers on 
the call coaft of Ireland, for which the parliament, between 
1768 and i77i» granted 9*507!. for improving its naviga- 
tion. At Edeiidcrry it was propofed lo be joined by a cut 
from the Grand Canal. 

Bradford Canal. Ads ii and 42 Geo. III. The 
general diredion of this (hort navigation is foiith nearly, 
and 3 miles in length, in the Well Riding of Yorkftiire. 
It is not confidcrably elevated: its objeds are the ex- 
port of coals, iron, and ilone, tire produce of the ncigh- 
l^urhood of Bradford, and the fupply of Bradford town, 
which is the 95th in the fcrics, with 6,593 iuliabitai.ts. 
It commences in the I^dt and Liverpool canal at Win- 
bill, in Idle parifli, and terminates at Bradford, where 
fiu of confiderable extent conned with ir, one 
•of them goes to the collieries and iron -works on Wibfey 


Slack ; and the defeent is fo ftcep that the waggons run 
down without horfes, having their velocity regulated by 
a man who rides behind and ufes the convoy or brake upou 
the wheels, as occafion requires. From tli^ I seeds and Li- 
verpool canal to Bradford is a rife of 81 feet by 8 locks ; tlic 
width of the canal at top is 24 to 30 feet, and its depth is 
feet ; the locks are of the fame width and length as tliofe of 
tlie Leeds and Liverpool canal. The company were em- 
powered to niifc 6ood 1. in lool. ffiarc?. Boats paffing the 
whole or any part of the cliftancc on this canal arc to pay 6 d. 
per ton for clay, bricks, llont, coals, lime, dung, and manure j 
and qd. for every ton of iron, limber, and all other goods, 
1 his canal was finifhed in 1774 * The lail adt was foiind 
n£ceffary,in order to make good the title to fomelands which 
had been long before purchafed for the works* 

Brfc KNOCK AND AwnaoAVFNNY Canal. Adis ; and 
44 ol Geo. HI. The general dircdlion of thi^ canal is about 
N*W. 33 miles in length, in the counties of Monirouth and 
Brecknock in South Wales; it begins a few nhlcs from the 
coall, and foon after comes near and follows the courfc of the 
U^c river, no part of it bcirg very greatly elevated. Its 
ebjedts are the exportation of coals, iron, and other mineral 
produdls of the country round Abergavenny, by means of 
the Alonmouthjhire canal, and the hipply of Pontypool, 
Abergavenny, Crickhowel, and Brecon towns, that aie near 
its courfe. It commences in the MonmouthJJjire canal, I mile 
from Pontypool, and terminates at the town of Brecon ; it 
has fevcral rail-way blanches 1 viz. to Abergavenny 1 mile ; 
to Wain-Dew collieries and iron-works 4^ miles (near ai 
miles of this lall being double on each fide of the brook) $ 
and, to lilangroincy i i mile* From the Alonmouthfldre 
canal, the firli 14^ miles are level, to 5 miles above the 
Abergavenny branch, thence to Brecon is 18^ miles, with a 
rife of 68 feet. Nerj* its commencement it croffes the little 
river Avon, on an aquedudl, and (hortly after paffes a tunnel 
of 220 yards in length. The engineer is Mr. T. Dadfori 
jun. The Wain-Dew rail- ways, and the canal above them, 
up to Brecon, appeared to be finilhed in June 1802, and by 
this time we expedl the whole is completed, or nearly fo* 
The company were at firft authorized toraife 150,000!. and 
a further fum by their fecoud adl, (hares 100 1 . each. The 
rates of tonnage are to be the fame as thofe on the Mon* 
mouth/bire canal, which fee in J. Phillips's Hlftory^ 4to. ^pp% 
p* 18. Horfes, mules, and affes are to pay i d. and cows, 
or neat cattle I d. each at certain toll-gates on the laiUways* 
The MonmouthJbWe canal, on account of the great benefit 
this will confer on it in tonnage, agreed to pay this company 
in March 1794, the fum of 30001. In May lall {1805) it 
was propofed to extend a rail-way branch from this canal to 
conncA with the river Wye. 

Bredon Raihwa\\ About the year 1703 it was in con* 
teinplation to make a 1 ail- way and canal from the famous 
lime- works at Bredon to the Yrenr river, oppofite to Wcilon 
Cliff ; and in confequence, a claufe is inferted in the Derby 
canal a6l, of 33 Geo. 111 . binding them to make a cut from 
the Trent at Wtfton Cliff to the Trtnt and Merfey canal^ 
which runs parallel with the Treaty whenever this fcheme 
(hall be adopted, in order to give tins lime a readier courCc 
into Derby ftiire* 

Bridgewater's Canal. A£ls 32 and 33 of Geo. IL, 
the 2d, 6tb> {Trent and Merfey a&) and 35th of Geo. IIL 
The general dire£lion of the principal line of this canal is 
nearly N.£. (and not a great way from its caftern end, amaui 
branch goes off in a N. W. direction nearly); the length is 40 
miles, tn the counties of Cheiler and Lancafter. It begins 
in the tide-way; above wliich the whole of it is elevated 8 a 
feet at bw-water, except about 600 yards, which the locks 
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accupy to gain this afcent. The great objefts which in- 
d 4 jccd the late cxct llcnt and patriotic 4!uke of Bridgewater to 
undertake and to expend a princely fortune on the completion 
of this canal were, the fupply of the town of MancheiUr with 
coals from hie tflates near Worfley; the cheaper and more ex« 
peditious conveyance of goods, between Mnnchefter and Li- 
verpool, than the Mcrfcy and IrwtU river navigation then fur- 
nifiied ; and between both of thefe places and the interior and 
moft remote parts of the country, by means of the 7rent and 
Mer/ey (which it joins at Preflon Brook,) and its conneA- 
ing canals. Other and more direft communications have 
fincc been made bet ween it .and the interior r.nd eaftern parts 
of the kingdom, by means of the Rochdale canal and thofe 
conne^ling therewith. Manchefler is the 2d place in Great 
Britain for populrttion, having 84,020 inhabitants, Liver- 
pool the 4th with 77,f>53 inhabitants, and Warrington the 
45th with inhabitants, thefe towns being near this ca- 

nal. The commencement of this canal is in the cftiiary of the 
Merfey river at Riincorn-gap, and one of its terminations in the 
Rochdale carjal at Caftle Field in the town of Manchetter, 
the other (or Worfley branch) is at Pennington near the 
town of Ixigliy the jiindion of thefe branches being at 
Longford bridifc ; near Mancliefter there is a communication 
with the Merfey and Irwell navigation, and Manchcjler 
Bolton and Bury canal, by means of Medlock brook. 
Under the town of Manchellcr arc arched branches of the 
canal of confidcrable length, from one of which coals are 
hoifted lip by a caal-gin, through a iliaft out of the boats 
below, into a large coal-yard or ftore houfe in the main 
flrect, 'at which place the duke and his fuccefTors, arc by 
the fird ad bound to fupply the inhabitants of Manchefter 
at all times with coals at only 4d. per cwt. of J4olb. ; a 
circumdancc which muft have had a great cfTed on the 
growing population of this immenfe town within the lad 
40 years. At Worfley is a fliort cut to Worfley mills, and 
another to the entrance bafon of the famous undtr-ground 
works or tunnels, of 18 miles or more in length in diflerent 
branches and levels, for the navigation of coal-boats ; fome 
of which are as much as 60 yards below the canal, 
and others ,35 { yards above the canal ; thefe lad, to which 
the boats afeend by means of an incUnetUplane^ that we have 
already deferibed, extend to the veins of coal that are work- 
ing at a great depth under Walkdcii Moor. Mod of thefe 
tunnels arc hewn out of the folid rock ; from the lower one, 
the coals in boxes are hoided up out of the boats, as they 
arc in Mancheder town mentioned above, and the whole of 
the lower works arc prevented from filling with water, by 
large pumps worked by the hydraulic machine, which 
have already mentioned in this aiticle, and the water is 
thereby alw'ays kept at the proper height for navigation on 
the lower canal. Near Worfley, a branch of about mile 
in length, proceeds on to Chat-Mofs and there ends, acrofs 
which celebrated morafs, it was by the fird acl intended to 
proceed, to the Merfey and Irwell navigation at Hollin 
Ferry near Glitzebrook ; but, like the cut propofed by the 
fide of the Merfey to Stockport (7^ miles with a rife of 60 
feet) was never executed, and the ncceffity for them is 
now ia a great meafurc done away, by other plans which 
have been carried into effe6l. The rile of 82 feet in the 
firft Cod yards from the Merfey^ by 10 locks, is the only 
deviation from one level on this canal (except in the Worfley 
coal-mines above mentioned) ; and this length of level water 
is further increafed ; by 1 8 miles on the Trent and Mer/ey 
canal which couneAs therewith, making in all 70 miles of 
level. The width of the canal at top is 52 feel on the ave- 
rage, and depth 5 feet ; the boats that navjpte between 
mines and Mancbelltr are only 4 j itcct widci the 
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others are JO ton boats or opwai*ds ; there are alfo numerous 
boats for paflengers ; large w’arehoufcs l.ave been built for 
goods, at the Gallic Field in Mancheder adjoining the 
canal. 

Bcfides the tunnels under Manchtder and at Worfley 
mines, we have been through a (hort one in pailing a gentle- 
man’s houfe and a church, we think at Groppetihall. On this 
canal are three principal aquedud bridges over the /rwe/l at 
Banon, where it is navigable, and over the Merfey and 
BoDin rivers, befides feveral fmaller ones, and many road< 
aqueduSs. There are alfo feveral large embankments, one 
over Stretford mcadoA’i, is ooo yards long, 17 feet high, 
and 2 li feet wide at the bale ; that at Barton bridge is 200 
yards long, and 40 feet high; at Bollington is alfo a (lu- 
pendous embankment. The principal feeders for this canal 
are Worfley brook, and the mine-water there colIeQed, the 
Medlock brook at Mancheder, and the lockage of the 
Trent and Merfey canal ; and water, which never w’as fcarce 
in this canal, mud now abound, fince the incrcafc of fupply 
by the lockage of the Rochdale canal. 

Mr. James Brindley ^ the engineer, owed much of his well 
earned fame to the happy contrivance and complete execu- 
tion which he difplayed in every part of this great concern ; 
fince the deceafe of Mr. Brindley, Mr. Gilbert and Mr, 
Benjamin Sothern his Grace’s agents, have done themfelves 
great credit, by the maderly manner in which they have 
conduced the canal concerns of their noble employer, and 
in^roved and extended his works, as Mr. Thomas Bury has 
alio in the mining department, fo intimately conneAed 
therewith. The tunnelling at Worfley, and the canal be- 
tween that and Mancheder, were begun immediately on 
the pafling of the firft aft \ on the 17th of July, J761, the 
Barton nquedufl was completed, and coals were foon after 
conveyed thereby to Manchefter. On the 31ft of December, 
1772, the JO lucks at Runcorn were opened ; in Auguft, 
1774, two packet-boats bc;^.an to proceed regularly part of 
the way between Manchefter and Liverpool, and on the 21ft 
of March, 1776, the whole of the works which were then 
intended were finilhed ; the cxtcnfzon to Lcirt has been 
made fincc The illuftrious duhe of jBridgewatcr^ 

juftly filled we father of Briti/b Inland Na\ngatvm^ died 
greatly lamented in March 1803, and left this immenfe 
concern, (which coft at firft 2 20,ccol. it w^s faid, and 
probably in the whole twice that fum, as the tunnelling at 
Worfley alone has been eftimated at 168,960!.', to earl 
Gower, the prefent proprietor, whofe fccond fon is to 
inherit it ; the net profits arc faid now to be from 50 to 
8o,oool. annually. The tonnage has not increafed fincc 
the firft aA, although the ^ngth of the canal has been 
increafed to nearly four times what was at that time 
intended ; boats may navigate the whole courfe or any 
part on paying 28 . 6d. per ton. Vtffds pafling out of the 
Trent and Merfey at Prefton-Brook and into the Merfey at 
Runcorn, or the reverfe, pay : d. per ton per mile fur that 
diftance; and all veflfcls pafling to or from the Rochdale 
canal to this canal at Manchefter are to pay, for paving 
ftones 4d. per ton, and for all other articles 24d* per tpn. 

It is provided, that flour (hall not pny any tonnage on this 
canal, if the wlieat whereof it was made had already paid. 
Irrigation, or watering of meadows, is praAifed in a very 
judicious and profitable manner, by water let out of this ca- 
nal at Worfley and other places. The price of land-car- 
riage for goods between Manchefter and Liverpool was, on 
the pafling of the Duke’s third aA, 401* per ton, and by the 
navigation on the Merfey and JrwiB 2 at. per ton, but liii 
Grace limited his price to 6i. per too : yet, fuch has b^n 
the incrcifing trade of theft two places, that it was in 27^4 
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fenouily tnAintaincd» and made the ground of another pro- 
pofed navigable communication, by a jundion of the Mm^ 
€hejhr Bolton atjJ Bury^ and the hteds and laiverpooi canalG, 
that both the Duke^s canal and the river navigation were iu- 
adeouaic to carry the, trade between Manchcller and lavcr- 
pool, and that the moll frequent and ruinous delays were 
experienced by the merchants. In 1802, we find the idea 
again revived of a cut from the Leeds and Liverpool canal 
to the Lcigli branch of this caual. About 1772, the AiW- 
pool and Runcorn was piopofcd an an extenfion of this canal 
from Runcorn; in 1799, the Manchejler Bolton and Bury^ 
was propofed to be joined dirc«Stly with this canal, by means 
of aquedu£lf over the Irvvcll and Mcdlock at Mancheiler. 

Brtflol and Gloucejicr. In the year T797, wc were told, 
that furveys were making of the line for a propofed canal 
from the Bath jdvon at BrilUd to the Severn at Glouccller, 
and alf<?, of a continuation of the fame acrofs the Stratford 
jivon to the Severn at Worccller. 

Briftol and Taunton* Scvital years ago, a canal was pro- 
pofed, wc arc told, from the jivon river at Briliol to the 
town of Taunton, with cuts to Nailfea collieries, to the Axe 
river at Brcan, and to the town of Langport, hut we 
are not further acquainted with its objedls or particulars. 

Broth ic River. This is a fmall river on the coall of 
Angers county in Scotland, and navigable, we believe, but 
fmall diftance up from the harbour of Abcibrothick at its* 
mouth, which haibour is of great antiquity, and appears to 
have had piers and works erefted for its improvement and 
fccurity, fo long back as the year 1194 ; the fpring tides 
here rife i jy feet. 

Bade and Hat herleiyh In 1793, the earl of S/an* 

hope propofed a line of water-levels and rail-ways, between 
the fea in Bude Haven, on the Briftol-Channcl part of the 
Cornifh coall, and the neighbourhood of Hatherleigh in 
Dcvonfhire, palling the town of Holdfworthy, for carrying 
up fea-fand, (which in this bay coniills of a congeries of 
broken Ihells), as a manure, and exporting of fansing pro- 
duce; the rife on this line was upwards of 500 feet, up 
which his lordlhip propofed, that his 2 ton boats Ihould be 
conveyed at proper intervals oh inclined-plan€i> whofe pe- 
culiarities have been already mentioned in this irticlc. In 
April laft (rSo';), wc find a feheme on foot, for improving 
the haibour of Bude and building a pier for the protection 
of Ihips. 

Bude and Launcflon^ or th& Tamar canal. This is one 
of the few inftances, in which an a6t (14th of Geo. III.) 
was obtained, without any part of the feheme having been 
carried into effed. Mr. Edmund Leach the projefior of this, 
in his Trcatifc on Inland Navigation, propofed, that it (hould 
proceed from the tide-way in Bude Haven, Cornwall, on the 
Briftol Channel, and proceed near to Launcefton, and into 
the tide way in the river Tamar near Calftock, in the S.E. 
part of Cornwall. There was a provifion, that the powers 
of the ad were to ceafe in 10 years, if the canal was not 
proceeded with ; it was propofed, to purchafe only ,99 feet 
wide of land, and not to be allowed to cut more than 39 
inches deep into the earth on the lower fide, in any part, 
except for docks, &c. ; the canal to be 21 feet wide at top 
and 12 at bottom, with a towing-path on each fide of it, 
lo ton boats to be ufed ; the dired diftance of the two 
extreme points is only 28 miles, but owing to the extremely 
lerpentine courfe of the level which was to be followed, its 
propofed length W2» 81 miles, and was eftimated to coll 
joool. per nme. Locks were not to be uled, but inclined* 
planes for boats of Mr. LeaGh|s contrivance, of which wc 
nave already given an account in this article* From the fca 
at Bude, was to be a plane of 54 rife, thence a level of 


64 iriles, then a plane of 120 feet rife, then 4 miles of level, 
and a third plane of 66 feet rife to the fummit-lcvel, which 
extended 94 miles to Launcefton town, and 34 miles beyond ; 
then, a plane with a defeent of 120 feet, tnen 2^ miles of 
level, and a fifth plane, at Kelly Rock, of 120 feet fall to 
the Tamar navigation. A cut or feeder of 3 miles was pro- 
pofed, from the Tamar is Lanclls to St. Tankins on the 
Pack-faddlc (being a low point on the foiith-wtlltrn branch 
of the grand-ridge). Mr, Leach, Imwcver, tells ns, llist 
thefe levels arc not to be entirely depended on, and inciUiouS 
253 feet as the elevation of the Pack faddle. The piincipal 
ohjeds of this canal were the carrying of fait and flully 
faiid from the coaft into the inferior of the country as ma- 
nure (an objedl fincc in part accomplifhed by the Tamar 
manure^ and the Stover canals). In 1785, Mr. Leach vvilhed 
to revive this projt£l, and to fliortcn tlic courfe to 40 J miles, 
by cutting down the fummit 18 feet, and making a tiinntl 
of 100 yards ; and to form anotlitr communication with the 
fea at Weedmouth-bay, where the fame broken (hells 
abound ; the coft was now eftimated at 33,100!. 

Burrowstowness Canal. The a<iVof the 8th of Geo. 
III. (for the Forth and Clyde canal) cftablifhed a fet of pro- 
prietors for this canal ; its direClion being nearly weft for 
about feven miles in the counties of Linlithgow and Stirling, 
in Scotland; from the tidc-way in the harbour of Borrow f- 
towmefs, on the Firth of Forth^ to the Forth and Clyde canal, 
near its eaftem termination at Giangemoulh. Its objeds 
are dated to be, the avoiding part of a dangerous and diffi- 
cult navigation on the Forth^ and for improving the lands of 
Kinntel and Becrcrofts, through which it paftes. Burrowf- 
townefs, Linlithgow and Falkirk arc confidcrable towns near 
this line. The depth to be ftven feet, and width and fize of 
the locks at the entrance proportionable thereto, the canal 
being level. The company arc authorifed to raife 8,000 1. the 
(hares to be 50I. each. The tonnage of lime, lime ftone, 
and iron-ftone per ton per mile, all other goods and ar- 
ticles (except road-materials and manures) i^d. per ton per 
mile. 

Burry River. This river, or eftuary, connefling with 
the Briftol Channel, is between the counties of Caermarthen 
and Glamorgan, in South Wales, and is navigable a diftance 
of ten or eleven miles to Lwghor or Llougher, in nearly an 
eaft direAion ; at the fiats in Llanelly it is joined by the 
Caermarthenjhire rail-way, and another rail-way has lately 
been laid from this river to the Penclawdd copper-works : 
in 1801, the Llandorry and Llanelly canal w'as propofed to 
join at the Spitty in Llanelly; and, in 06 lobcr 1805, a wet 
dock was propofed to be made on the eaft fide of the 
Llanelly pier, to communicate with the Caermarthenjhire 
rail- way . 

Caerdyhe* This is an artificial channel or ditch, as 
ancient as the time of the Romans in this country, from 
the Nen river, a little below Peterborough, to the IVUham 
river, three miles below Lincoln, of near 40 miles in length ; 
it appears to have been very deep, though now almoft 
grown up ; and it is rather doubtful w'hcther it ever was in- 
tended or ufed for the purpofes of navigation. 

Caermarthenshire Rail-way. Aft 42 Geo. III.-— 
The general direftion of this line of rail way is neariy north 
for 14 or 13 miles in Cacmiarthcnihiie ; it commences on 
the coaft, and is not very greatly elevated in any part ; its 
general objedtsare the export of coals, iron, lead, &c. from 
the country through which it 'pafiea. Llandillu Vawr is 
the only confiderame town near its courfe. It commencea 
in the Burry river, at the new bafon for (hips, at the fiats 
near Llanelly, and terminates at Caftcl y-Garry lime-woiiks 
in Lbmfibangcl Aber-bythick. In the deep cuttings for 
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this rail-way near Munydd Mawr federal unknown ▼cina quarries of Thomas ThornhUh Efq. at Lillon’s Wood, near 
of eood ftonc-cqal were difeovertd, and fotne of lead ore ; Ealand, a long and wide inclined plane, of about 4C® of clc- 
in November 1804, the embankment near thi« place, con- vation, was, about the year 1774, made from the Caldet* 
fiftiiig of more than 40,000 cubic yards of earth was com- river, and paved with large flat flones, on which a fledge 
plcted, with the raihway upon it. In Oftober 1805, it was defeended loaded with ftone, and by means of a rope paffing 
propofed to make a wet-dock for (hips at the commencement over a wheel and axle, drew another empty (ledge up the 
of this line, on the cad fide of Llanelly pier; in x8oi, the plane; this conlimied in ufc for fomc years ; but this quarry 
Llandovery and Llanelly canal was propofed to pafs through was difiifcd before the year 1783. In 1762, a violent flood 
nearly this line of country. happened on the Calder river, which deftroyed many of the 

Caistok Canal.^ A(JI 3.3 Geo. III. — The diredion of works thereon ; thefe Mr. Smeatdn repaired, and in 1774 
this line is caft 9 miles in the county of Lincoln; it is but another happeued, fo deftiudive that the navigation was^for 
little elevated above the fea. Its objects feem the iniporta- near a year lufpended, before they were repaired ; tlic fall of 
tion of fuel and other articles, for the fiipply of Caillor this river is no Icfs than 8 feet per mile for more than 20 
town, and the export of farming produce : it commences in miles together. By the ad .54 C^co. III. for Huddersfield 
the Hncholme navigation, at South Kelfey, and terminates at canal, this navigation was guaranteed againft a diminution 
the town of CaiUor. The company w’ere empowered to of its tolls, by any other communication to the eadward 
raife 23,000!., (hares tool. The rates of tonnage are from opened therexvith. In 1794, ihc Manchejler Bolton and 
2d. to 8d. per tun per mile on dilTerent goods, with other Bury was piopofed to be extended to join this at 
rates for corn, &c. See Phillips's 4to. Htjlory, p. 47. All Sowci by-Bridge. In i8o2, the IVihfey and Dewjhury rail- 
ftorcs for the ufc of government, or materials for roads, to way was propofed to join at Raven’s Bridge, and notices 
pafs free at all times, and manures for the adjoining lands, have in the prefent autumn (180?;) been given for the 
when the waters run over the lock-weirs. In 1801, there Wahefeld and Mullet rail-way, intended to join this naviga- 
was a propofal for extending this canal from Caidor, along tion at Bottom-Boat, near Wakefield; a (ide-ciit is now 
the foot of the Woulds, foutherly, to Hambleton Hill, in making near Bridge-houfe, for avoiding the mill-dams, and 
Tealby, near Market-Raifin, the cxpcnce of which was edi- improving this navigation. 

mated at 6,500!. Cam River. The genend direAiori of this navigation is 

Calder andHebble Navigation. AA Geo, ITT.— about fouth-wed, for 14 or 15 miles in the county of Cam- 
The general diredfion of this navigation is nearly wed, about bridge ; it is but little elevated above the level of the fea • 
23 miles in length, in the wed riding of Yorkfliire ; it lias a its principal objcdl is the fiipply of the town of Cambridgcl 
confidcrable elevation above the fea at its wed end : the gc- which is the 5 id in the order of our population, with 10, oS** 
ncral obiefts arc tlic communication between Idvcrpool, inhabitants: Ely alfo, near this navigation, is a confidcrable 
Manchcllcr, and Hull, by means of the Rochdah and Hud- place. It commences in the great Onfe river, at Harrimere, 
canals, and Ayre and Calder rivers, the import and and terminates in the town of Cambridge. It has a cut or 
export of goods from Halifax, and the export of paving- reach of 3 miles to Rcchc, and another of 3^ miles to Bur- 
done (now fo much ufed in London, called Yorkfhire pav- well, at which lad place the Bijbopfiortford and Wilton canal 
ing) from the famous quarries at Ealand- Edge and Crom- was, in 1789, propofed to join. The Cam river is embank- 
well-Bottom, and lime from Houghton, Brotherton, and ed above the adjoining fens through all its lower parts, 
Fairburn : at Cooper’s Bridge it is joined bv Sir John Ramf- is without locks in fomc parts, and has fluiccs for making 
rfenU canal (leading to the /Ti/^r/erj/i'/t/canal), and at Dewf. flulhes of water, to enable boats to pafs the (hallows and 
bury by the Dewjhury and Birjlal rail-way. Halifax is the hards. 

58th Britifh town, with a population of 8,886 perfonsj Camel River. The general dircaion of this navigation is 
Wakefield the 64tb, with 8,13 1 inhabitants ; aud Hudders- about fonth ead for near 8 miles, in the county of Cornwall; 
field the 8itt, with 7,268 perfons. This navigation begins in it is within the flow of the tide, and is chiefly ufed in the 
^tAyre and Calder navigation on the latter river, at Wake- import of coals and export of agricultural produce ; it con- 


place. It commences in the great Otfje river, at Harrimere, 
and terminates in tlic town of Cambridge. It has a cut or 
reach of 3 miles to Rcchc, and another of 3^ miles to Bur- 
well, at which lad place the Bijhopftortford and Wilton canal 
was, in 1789, propofed to join. The Cam river is embank- 
ed above the adjoining fens through all its lower parts, 


field, and terminates in the Rochdale canal, at Sowerby- nc&s at Guinea Port, ‘near Wadebridge, with the 
Bridge. There is a rail-way branch of about half a mile to canal. Padllow, on its banks, is a confidcrable town; it 
Bradley collieries ; it has a cut of about half a mile in length commences in the Irifli channel, at Stepper Point, and ter- 
by the fide of the Hebble river, to Salter-Hcbble ; and minates at Wadebridge. 

provifion is made (in 33 Geo. III. for Barnjley) for a cut to Canterbury and Nicholas^Bay. In the year 1802, a canal 
Bargh-mill, on a branch of Barney canal ; there arc fcvcral was propofed, and again in 1804, and furveys taken, for a 
locks; one of them near Saltcr-ficbblc, of 10 or 12 feet rife, canal on a level, capable of carrying (^-built veflcls, between 
was in 1783 removed, and two new ones, of half that height, the fea at St. Nicholas Bay, near Margate, to the city of 
with a bafon between them, were fubdituted by Mr. William Canterbury, about 10 or 11 miles in a fOuth-wed direflion. 


Bargh-mill, on a branch of Barney canal ; there are fevcral 
locks; one of them near Salter-Hcbble, of 10 or 12 feet rife. 


yi^op\ feme of the locks here crefted in 1761, by Mr. 
SmeatOHf have fingle gates at their heads. At Salter- 
Hcbble arc a baton and large warchoufes, and others at 
Sowerby Bridge, for the accommodation of the town of 
Halifax ; near Ealand is a large weir acrofs the Calder river. 


there to conned with the Btour river, and with a canal then 
propofed, called the Medway and Rother canal . Canterbury 
has 9000 inhabitants, and is the 57ih place in the order. 

Cardiff and Merthvr-Tydvil Rail-way. Aft 
aboiit sfi Geo. III.— -This line is nearly in a north-wed di- 


ThU navigation was planned or fuperintended by Mr. Tames reftion, for 26| miles, in the county of Glamorgan, in Soulk 
Brindley^ and afterwards by Mr. John Smeaton. About Wales. The general objeft of this rail-way is the export 
1765, the navigation was brought up to Ealand quarries, of iron from the great works at Mcithyr Tydvtl, Domais, 


and about 1776, to Salter Hebble, and to Sowerby- Bridge 
warchoufes. The ftone mod white (late from Ealand-Edge 
ire oirried in carts and four-wheeled carriages, to be put on 


dee. CardiflP, Caerphilly, and Merthyr arc confidcrable 
towns on or near this line, which commenctj at the floating- 
dock, in the Severn at Lower Layer, the termination of the 


board of the keels at Bndgehoufe wharf, on account of the Glamorrasi/hire canal, by the fide of which, very nearly, it 
l^t beight of the quarrie. «bow the CaUer / the Cromwell proceed, to Merthyr Tydvd, and thence to the lime-work, at 
botto^fioiK i. put 00 tMwd M wharf there. From the Panton. in Merthyr partih i at Soaker'* yard a branch of 
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9^ miles goes off to Carno mill, in Bcdwcllty ; Homfraj^ 
Hill and Co. arc the proprictora of this rail-way or tram- 
road, and it was, we believe, conftruded under the firft aAof 
parliament ever paffed for this kind of roads ; the width of 
land alloWv.^d to be purchafed was 7 yards. On the 21ft 
I*eb. 1S04, a trial w'as made of one of U^tvethic^shigh- 
preffure fteam cngi.ies for drawing trams on this tram-road, 
as before mentioned, and 10 tons of iron and 70 perfons 
were drawn £or 9 miles by the power of fteam, without the 
life of condcnfing-watcr. At Merthyr there is a curious 
and ilupendous water-'whecl, of 50 feet diameter, made of 
caff -iron. 

Caron River. The direftion of this river is weft, in 
the county of Stirling, in Scotland, and for 3 milts it is 
navigable, from the Forth river to Caron ffiorc, for vcfTels 
drawing 7 or 8 feet w-ater at neap-tides ; at Caron (hore 
there is a cut from the Forth ami Clyde canal ; and near 
Caron (hore are the famous Caron iron- works. 

Cart River. The direction of this navigation is nearly 
fouth, for about 3 miles in Renfrcwfliirc, in Scotland ; its 
objects being the fupply, and tlic exports and imports of the 
great manumdluring town of Paifley, which is the 13th in 
the order of Britiih towns, and contains 3^,179 perfons. 
Renfrew is alfo a conliderable town near the fame : this na- 
vigation commences in the Clyde river, near Inchinnan, and 
tenninat*'s at the town of Padley, at which place it was pro- 
pofed, in 1803, to be joined by the Glaf^o'iv and SaltcoaU 
canal. 

Chelmer and Blackwatfr Navigation. Ads 6 
and 33 Geo. 111 . — The general dircdiuii of this navigation 
is nearly weft for I miles in the county of Eflex 5 its gene- 
ral objeds are the (upp^y of Chelmsford and its neighbour- 
hood WMth coals, deals, dec. and the export of farm pro- 
duce. It commences in the Tide-way, at CollicPs- Reach, in 
the eftiiary of Blackwatcr river, and proceeds by the courfc 
of the Chelmer river to the bafon at Chelmsford town, with 
a cut near ^ of a mile to Malden. Chelmsford and Malden 
arc confiderablc towns. From low^-water in the lafon at 
Collier’s reach to Heybridge-mill, on Blackwatcr river, 
mile, is a rife of 12 feet 8,^ ir.chrs, thence to Bcely or 
Eaily-mill, on Chelmer river, mile, i§ a rife of y feet 3^ 
inches ; thence to the bafon at Chelmsford is miles, with 
a rifeof 59 feet 5 inches ; the branch has a rife 6 feet 85 inches 
into the bafon at Malden. Mr. Jolm Smeaton ftjrvcycd this 
line in 1762, and recommended 13 miles of new canal, and 
ellimated the fame at near 16,700!. ; Mr. John Ramie was 
afterwards employed. The bafon at Collier’s reach was 
opened for Ihips in February 1796 ; the company were au- 
thorized to raife 6o,oool. the amount of (hares 100 1. each ; 
in x8o2 thefe were fo depreciated, that they were faid not to 
be worth 5I. each. The fpring-tidcs flow 5 feet at Baily- 
mill-tail, and 8 feet at Mdden bridge ; the neap tides do 
not raife the water above one foot at the laft place. 

Cheltenham andTiwkfiury. In 1801, notices were given 
fora propofed canal from the Severn river, near the JunClion 
of the Avon therewith, at the town of Tcwkfbury, to the 
town of Cheltenham, through the pariftics of Tcwkfbury, 
Tredington, Elmftonc- Hardwick, Uckington, Swindon, 
and Cheltenham, a courfc nearly fouth-caft for about 8 miles, 
in the county of Glouccftcr. Tcwkfbury and Cheltenham 
are confiderablc places. 

Chsstsr Canal. A&s ii and 17 Geo. III.— The gc- 
aeral dire£tia|i of this canal is about fouth-caft for i8 miles, 
in the county of Chefter ; it is not greatly elevated above 
the level of the fca ; its principal objeas are the export of 
farming produce, and the import of coals and lime for Nant- 
wich town, and the furroun^og country ) it forms a' double 


communication between two points in the line of the EUetmero 
canal, at Chefter and at Franckton common. Chefter is the 
2Cth Britifti town, with a population of 15,052 perfons. 
Nantwich is alfo ^ confiderablc town. This canal com* 
mencesin the tide-way in the Det river, in the town' of Chef- 
ter, near to where the FJlrfmcre canal croffes the fame, and 
terminates at the town of Nantwich; at Stoke, in the parifh of 
Adon, it is joined by the Whitechurch branch of the EUefmere^ 
canal 5 from Chefter to Barbrldgc, near Tiverton, the diitance 
is 14^ miles, with a rife of 170 fee*: 10 inches, and tlicnce to 
Nantwich it is 3 J miles, and level. The canal paffes Chriftlc- 
ton, Waverton, H'lrgrave, Huxley, Braftcy green, Beertou- 
piftle, Tiverton, Hurltfton, A£lon, and Nantwich ; there 
is an aquedud^ at Hiixiey-mill. Mr. James Brimiuyy and 
Other engineers, were employed in 1767, 1769, and 1770; 
in 1769 an iinfiicceisful attempt was made to obtain an ad\ 
for it ; it was begun in 1772, and was compleud from the 
Dee to Huxley-mill 16th June J 775, and fimrtly after to 
Nantwich ; a branch was provided for in the aA, from 
Barbridge, SJ- miles long, with a fall of 40 feet, to Middle- 
wich, near to the 2 'rent and Mevfty canal, but not into it. 
Although this branch, intended for bringing fait to Chefter, 
W’as not executed, the cxpences amounted to 8o,oool. and 
the (hares became perhaps the moil depreciated of any con- 
cern in tile kingdom, being fold at one time, as we arc in- 
formed, for one per cent, of their original value. In 1793, a 
jundion was propofed near Natuwich, with a branch of 
the intended Sandhach canal ; in 1793, a rival feheme to tlie 
called the Kaftern Grand I'runk, was propofed to 
join at Crows-neft ; and in June 1796 the Commercial canal 
was propofed to ioin at the fame place, in order to form by 
means of the Ajihy-deda^Zouch canal, and others, a com- 
munication for 40 ton boats, between Liverpool, Chefter, 
Hull, London, &c. 

Chesterfield Canal. Ad 10 Geo. HI. — The gc» 
ncral diredion of this canal is nearly fouth- weft, by a crooked 
courfe 46 miles in length, in the counties of Nottingham, 
York, and Derby ; the weftern end is confiderably elevated ; 
its principal objeds are the export of coals from near Chef- 
teilield,and lead from the Dcibyfhirc mines, and the import 
of lime, corn, timber. See. Cheftcrfield, Workfop, and 
Retford are confiderablc towns upon this line, which com- 
mences in the Trent river, near its jundion with the Idle river, 
at Stock with, and terminates at Chcilcrfield town ; from the 
Trent Xiy Workfop the diftance is 24 miles, with a rife of 250 
feet ; thence to Norwood it is 9 miles, with a rife of 85 feet ; 
and thence to Chefteriicld it is 13 miles, with a fall of 45 feet: 
the number of locks is 65 ; the lower part of the canal, from 
the Trent to Retford, is for large boats of 50 or 60 tons 
burthen ; above this the width is 26 to 28 feet, and depth of 
water from 4 to 5 feet ; the boats here ufed being 70 feet 
long and 7 wide, and carrying 20 to 22 tone each. In 1794 
fuch boats as thefe coft, when new, 90 to 100 1 . each. The 
boat* owners here ufually pay their bargemen by the ton of 
goods which they convey Hated diftanccs, inftcad of weekly 
wages. At Norwood is a tunnel tlirough Hartfliill of 28^0 
yards in length, being 12 feet high and wide withui- 
fide the arch, and 36 feet below the furfacc of the hill ; this 
tunnel was begun in November 1771, and finifhed the 9th 
May 1775; at Drake’s-hole is another tunnel of 153 yards in 
length. I^r. ^ames Brindley projeded this canal, and direded 
its execution until his death in September 1772, when his 
brother-in-law, Mr. Hen/hall^ fucceeded, and completed the 
whole ih 1776. The tonnage is i^d. per ton per mile, and iu 
calculating the fame ^th of a mile is taken into account, and 
Jth of a ton. It appears that the canal coft 1 60,000 1 . and 
thciharcs were at firit much depreciated, and fold fora long 
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time belo^K' par; in September )a(l (i8o<) the profits 
amoimted to 61 . per cent, anminlly. fn Mr* Bnndlef% 
time, a jnad^ion was intended at Ciieftcrfidd with the pro- 
pofed Chfjierfield and Swarljhne canal ; and in j8o 2, an ex- 
tenfion of this canal was propofed of 5 or 6 miles in length, 
nearly fouth to ADn^ver. 

Chtjlcrfiild and Swarkjlone* The late Mr. BHndlty^ about 
the year 1771, propofed a canal from tlie Trent and Merfey 
canal at Svvarkftone to the Cheflerfield canal at the latter 
place, ihe dircCl diftance being about 2/; miles nearly north, 
the line being through a country very rich in coals. Derby, 
the /3d town, with 10,832 inhabitants, was to be in the 
line oF this canal, and the town of Belper is alfo near it. 

Chickestk;^ Haves. This inlet of the fca, on the 
poaft of Haniplhirr, is of confiderablc ie^th, in different 
tranches, navigable for (hips, furrounding Thorncy Iflc, and 
conne6ling with Lnngflonc and Portfmouth harbours. Ha» 
%'ant and Chjcliefier are confiderablc towns near it. In 
September 1805, notices were given for cutting a fhort canal, 
to commence with a fca lock in deep water in this haven, and 
proceed to Upper Southgate field, in Chichcftcr, there to 
terminate in a fpacious bnfon or dock. 

Clelby River. This river has nearly a north-caft 
courfc, in the county of Pembroke, in South Wales. It 
commences in the tide-way in Milford Haven^ and termi- 
nates at Cannillcr bridge, near Narberth, which is a confi- 
derable town ; and Pembroke on another branch of the 
haven is alfo a confiderable place. 

Clyde River. Adis 34 Geo. 11 . and 9 and ii of 
Geo. III. — This river or frith commences with a mofl noble 
and capacious eftuary, in the northern or Irifh channel, and 
extends nearly north, to Gonrook, when its diredlion changes 
towards the eaft, and its width diminiflies gradually to Glaf- 
gow, where the navigation terminates. Glafgow is the 
5th town in Britain, in point of population, containing 
*77,385 inhabitants: Paifley, in the vicinity of this river, is 
the x^th town, with 31,179 perfons; Greenock, the aotli, 
with 17,458 perfons 5 and Rothfay, (on the Iflc of Bute) 
the 118th, with 5.281 perfons: Ruther-Glen, Renfrew, 
Dumbarton, Port-Glafgow, Irvine, and Ayr, arc alfo confi- 
derable places on or near the banks of ^h's river. At Glaf- 
gow bafon a branch of the grand Forth and Clyde canal 
joins this, as alfo the Monlland canal, and Edinburgh and 
Glafgow canal ; near Incliinnan the Cart river joins, and at 
Dalmure Burn foot ; the weftern termination of the Forth and 
Clyde canal is in this river ; while the navigable lochs and 
founds which connedl therewith below Dumbarton arc both 
numerous and important; by means of lochs. Fine, and Gilp, 
there is a connexion with the Crhwn canal. In the year 
1805 an aA (45 Geo. III. I was obtained by the carl of 
EgUnton and others, for building new piers and improving 
Ardrojfan harbour, and building wet-docks, &c. near Salt- 
coats, on this river, and in this harbour, as well as at Glaf- 
gow, the Glafgow and Saltcoatt in 1803, propof- 

ed to connect therewith ; at Rothfay, on the Iflc of Bute, 
piers have been built, and the harbour connedting with this 
river improved ; Greenock harbour is alfo under great im- 
provement, in confequence of an ad of 43 Geo. III. The 
trade on this river is very immenfe and various ; it appears 
that Greenock alone employed 175,551 tons of (hipping 
thereon in the year 1800. 

CooBECK Brook. Ad 7, Geo* III. — The diredion of 
this navigation is nearly north for about fix miles, in the 
north rioing of Yorkfhire, commencing in the Swale river 
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wh^e accomm^ation it is intended. 

CoLVB Rtvia. The general diredion of this navigation 


18 nearly N.W. for about 8 miles, in the county of EiTcx ; 
its objeda are the import of coals, deals, 8 cc. and the ex- 
ppit of farm produce, and of oyllers from the banks below 
Wivcnhoc. Colchcftcr is the 39th place in Britain,' with a 
population of 11,520 perfons. It commences with an clluary 
atMerfey ifland, and terminates at the town of Colchciler, 
to which place fmall fea-built veflcls can get up. Large 
(hips narigate to Wivenhoe, where there is a dock-yard 
for building frigates and large trading (hips. 

St. Columb Canal. The general diredion of this ca- 
nal is nearly eaft for feven or eight miles, in the county cf 
Cornwall ; although near the coail, it is confidtrably ele- 
vated* Its objeds arc the export of a particular fpecies of 
(lone found about St. Dennis, called China-ftone, ufed in 
great quantities in Wedgewood’s, and other potteries near 
the line of the Trent and mtrfey canal, and the import of coals, 
and of a fea-fand confiding of braken (hells for manure. 
This canal was propofed to proceed acrofs the wedern branch 
of the grand ridge to the fouth coad ; not one third of which 
length lias, however, been carried into effed* St. Columb 
Major, St. Audel, and Grampound, are towns near the 
line. It commences at the fea-fhore of the Irifli channel 
near St. Columb Minor, and terminates at prefent within 
about two miles of St. Columb Maj )r ; from thence it was 
to pafs St. Dennis, St. Stephen, St. £wc, and arrive at 
the fea again near Pentuan, not far from the famous Pol- 
garth mines and engines. The part which was completed 
about the year 1775, commenced on the top of a very high 
cliff, and purfiicd the courfe above mentioned, without locks, 
we believe. The canal was a narrow one, and at its welt 
end, the cliff was with great labour hewn down, into a deep 
inclined plane, that was covered with planks : the canal was 
conduded to the very top of this plane, and the boat^ which 
were rcdangular ones, were brought, when loaded with 
done, to the termination of the canal, where they were 
fadened by a fort of hinges ; drong ropes were then attached 
to the dern of the boat, and by means of a wheel and drum, 
worked by a horfe-gin or w'em ; the boat was hauled up an 
end, and the dones were thereby (hot out, and rolled down 
the plane to the drand below, from whence boats conveyed 
them on board i\\e (hips. The fame wheel and drum was 
adopted for drawing boxes of coals or Siiclly fand up the 
lane, in oider to their being loaded into the returning 
oats. Near to its cadern termination the canal was con- 
veyed on an aqucdiifl bridge over a road. We have been fa- 
voured with thefe particulars by a Cornifli gentleman, fince 
our account of inclined planes was written, or we (hoiild 
have noticed this (the plane on PanuPn canal and another on 
the C alder and flMle) as early indances of the life of inclined 
plane? for boxes of goods, &c. For feven or eight years thia 
canal continued in ufc, but whether like the Maftgati canal, in 
ics neighbourhood, it lias fincc been difufed, we are not at 
the prefent moment able to learn. 

Commercial Canal* In the year 1796, Ml. Robert fVhit^ 
worth was employed to furvey this line, proceeding from 
the Cbejler canal at Nantwich to the AJhby de la^Zouch ca- 
nal near that town ; it was propofed to join Nigel Grifley*i 
canal and the Newcq/llc underline canal, to croU the Trent 
(tndMerfey canal near Burflem, and proceeding by Uttoxeter, 
to croft the Trent and Merfey canal again, and the Trent 
river at Burton. The objeds of this propofed c^al were, the 
forming of a communication for larger boats (40 tons] than 
the Trent and Merfey is calculated for, except below Burtoni 
and contributing towards the wifiicd-for palTage of large 




don, &c, 

Conway River. This river has nearly a fouth courfe for 
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14 or milest bet^rocn the counties of Caernarvon and 
Denbigh m North Wales ; its principal objc6k fccms to be the 
fupply of Llanrwft and Abcrconwy, which are confiderable 
towns. It commences at the tide-way in Conway bay^ and 
terminates at Llanrwft tow^. In June 1802, it was in con- 
templation to ftraighten the courfc of this riveri about a mile 
below Llanrwft, by a new cut 492 feet long» 88 feet broad 
at topi and 6a at bottom, with a dam at its upper end 
acrofs the old crookcvl channel. At Llanrwil, there is a 
curious (lone bridge of three arches, b\ult by Imgo Janets 
over this river ; and in 180a, it was propoled to conftrudt 
a dupendouB call iron bridge over it at Ahcrconway ferry, 
in order to facilitate the communication with Ireland .by 
way of Holyhead, in the Iflc of Anglcfea ; another iron 
bridge being intended at Bangor ferry, on Menat ftrait. 

CooMBB^iLL Cakal. A6l 32 Gco. III.— -The courfe 
of this canal is nearly S. E. for 3^ miles, in the county of 
Cloucefter : its general objedls are the export of coals from 
the mines near it, and (hortening of the length of land car- 
riage to Cheltenham, which is a confiderable town ; and fo is 
Tewklbury near its weftern end. It commences in the . 9 ^- 
vern river at Fletcher^s leap in Dearhnrd, and terminates at 
Combe hill in the parifh of Leigh, the rife being 15 feet 
only. This canal was conftrudled at the foie cxpence of 
three perfons, viz. Thomas Buries ^ William Miller, and Sarah 
Mumford* 

Cotdngham and Hull. In the year 1802, this line of ca- 
nal was propofed, about four or five miles in length, in a 
N.W. direftion, in the call riding of Yorkfliirc, to com- 
mence in the Humber river at the town of Hull, and extend 
to the town of Cottingham. The import of coals, deals, 
k,Qm and the export of farm produce, and perhaps of chalk, 
feem to be its principal* objeAs. Hull is the i6th town in Bri- 
tain, with a population of 29,516 perfons. 

Coventry Canal. Adts 8, 25, (for Trcni and Mer- 
fey) and 26 of Gcti. III. — Tlie general diredion of this 
canal is ncarlv S.E. for about 22 miles (cxclufive of the 
detached part oeyond the Birmingham and Fazelf canul, and 
the branch to Coventry) in Staffordfliire and Warwfckfliirc. 
Its fituation is high, particularly the caftern part,' which 
crolfes the grand ridge near Bedworth, without a tfmncl, 
and its Seefwood branch docs the fame. Its g^eral ob- 
jefts are the line of communication between London, Bir- 
mingham, Mancheftcr, Liverpool, See. the export of coals 
from the numerous mines nqar it, and the fupply of Coventry 
city, which is the 24th on the lid ofBiitilh population, with 
16,034 inhabitants. Nuneaton, Atherdone, and Xamworih, 
arc alfo confiderable towns near the line ; and Hinckley, the 
120th, with 5,070 inhabitants, is alfo in its vicinity. It 
commences in the Birmingham and Fazely canal at Fazely, 
and terminates in the Oxford at Longford ; its detached 

part of 5* miles in length, commences at the termination of 
tbc Birmingham and Fazely canal at Whittington brook, and 
terminates iii the Trent and Merfy canal at Bradley heath; 
near to Wittington brook, it conncdls with the Wyrley and 
EJlngton canal, and at Marfion bridge the line is joined by 
She HMy de-da-Zouch canal. There is a cut of about one 
mile in length to Griff collieries, belonging to fir Roger 
Newdigate ; another to fcveral collieries by different branches 
near &efwood-pool and Bedworth, five or fix miles in 
length ; there is alfo a cut of half-a-mile from the line to 
Bedworth 1 the branch to Coventry is 4 i tfj ’ 

and there is a rail-way branch to Oldbury coal works. 1 he 
detached part is fevd with the Trent and Merfey canal, 
which levd continues (through 5J miles of the Birmingoam 
and Fa%ely\ to the commencement of the line of this canal 
at Faady ; from thence to Atherftonc, a diflancc of about 


10 miles, the rife is 96 feet, by means of 23 locks | from 
thence to the Oxford oznoX, about 12 miles, is level; fo it 
the cut .to Coventry, and thofe to Griff, Seefwood-pooU 
Bedworth, See. The lad or highed level of this canal forms, 
with part of the Oxford and ,k/hly canals, the longed level 
that in to be found in Britain, berng upwards pf 82 miles, 
we believe, including fide branches. This is a narrow ca- 
nal, but the company have bound themfelves to widen the 
fame to the width of the Grand Junffion, if the proprietors 
of that canal (hall at any future time require it. A dop-gate 
is maintained at the end of the Oxford canal at Longford, to 
prevent this canal, which is fometimes low in Summer, from 
drawing off their water. Mr. ^ames Brindley was the origi- 
nal engineer to this concern, and 16 J miles of the level pirt 
from Coventry to Atherdone was completed in 1786, when 
the works were furpended for near 10 years ; at length, the 
Trent and Merfey company undertook to complete z i miles 
of this original line north of Fazely ; half of which they 
afterwards fold to the Birmingham and Fazely company ; 
'and the other half, on the 4th of February, 17B7, was pur- 
chafed by this 'company, who thus came to have a detached 
part of their canal. The line of communication was opened 
by the completion of this canal in June 1790. This com- 
pany have been authorifed to raife 120,000!., their (hares 
Dcing lool. each. Some years after the completion 
of this and the Oxford canal, the (hares htrein had ob- 
tained the great price of 400I., but owing to the rivalry of 
the Warwick and Napton canal, they were, in 1802, reduced 
to 350I., and their dividend to 61 . per cent. Since the com- 
pletion of the Grand JunSion, this concern has been flou- 
rifiiing, and the dividends arc now 16I. per annum per (hare. 
The tonnage allowed on this canal is ^d. ptr ton per mile for 
lime and lime- done, and lid. per ton ocr mile for all other 
articles, (except road or paving roatcriius and manures upon 
the pounds, or when the water runs to wafie at the locks.) 
On the completion of the adjoining can-als, the tonnage on 
coals was, by their general con fent, reduced to id per ton 
per mile upon fcveral of them. It was agreed, between this 
and the Oxford company, (9 Geo. III. Oxford) that the 
latter Ihould be entitled to all tolls, except on coals, that 
arc colledcd on the firft 3^ miles of this canal towards Co- 
ventry, for goods palling from the Oxford vanal, and that 
this company (hould in return receive the tolls upon coals 
colledled on the firft 2 miles of that canal. The a£i of 34 
Geo. III. for ^JJjby de-la-Zouch canal, granted to this com- 
pany 5d. per ton upon all goods (except farming produce, 
manures, or road materials, or iron or its ore, made or dug 
on the banks of the JJhby canal) navigated thereon, which 
(hall, either bcfoi-c or after, pafs on any part of this canal, 
or the Oxford or Grand JunBion / and a farther fum per ton, 
equal to the tonnage hereon between Griff and Longford, 
on all goods which may pafs any new communication that 
may hereafter be opened between the Afhhy.ezoA and the 
Oxford or Grand- Jundfon ; for enforcing which, this com- 
pany is empqwered to crcA toll-houfes and ftop-bars, 
and place colkaor* on any part of the Jfiby canal. 

Cree River. The courle of this river la nearly north, 
for 9 or 10 miles of a crooked courfe, between the countie, 
of Wigton and Kirkcudbright in Scotland ; its objeA is the 
fupply of the adjoining country, and of Wigton, which is a 
confiderable town. It commences in the tide-way in Wig- 
ton bay in the Irilh or Northern Channel, and terminates at 
Newton Douglas. 

Crinam Cahal. Ads 33 , 39. 45 of Geo. 111.-- 

The courfe of this very wide and deep canal is nearly welt 
for about nine miles, in the county of Areyle in Scotland j 
its foie obj«a is the Ihortening of the paBage for ihips be- 



358 

tween the Irifli Sea anrl the Clyde river (by means of the 
loch of Fine)* by avoiding the voyage round the peninfula 
of Kintire. It commences at loch Gilp, and terminates in 
lock Crinan. The rife is 58 feet, and the fall cp feet, a ri- 
vulet near the point of divifion ferving as its /ccdcr. The 
water in this canal is 1 2 to 1 5 feet deeo. This line of canal 
was firft furveyed for fmaller veiTcls bjr Mr. after which 

Mr. ydjn Rennie was employed herein ; it appears to have 
been "opened fome time, but farther improvements, and the 
building of a pier in Loch Gilp arc yet in hand. The pro- 
rictors have been authorifed to raife i8o,oool., and they 
ave alfo received 50,000!. of the public money, which par- 
liament granted in aid of this great and important work. 
The (hares are 50I. each. A veflel under fail, not being 
(lopped in proper time, before (he arrived at a lock on this 
canal, bore the fame away, and went down therewith into 
the next pound. A pafTage may, it is faid, be made by 
means of this canal in three or four days, which frequently 
took up three weeks. In 1802 the (hares herein were 22L 
below par. 

Cromfori) Canal. Ad Geo. III. — ^The general di- 
redion of this canal is about N.W. for 18 miles, in the 
counties of Nottingham and Derby ; it is condderably ele- 
vated : its general objedsare the export of coals and of lead, 
iron, lime-itone, and other minerals from the mines of Dcr- 
byfhire. Wirkfworth and Helper arc confidcrablc towns 
near its courfe. It commences in the Erewajh canal at 
Langley bridge (not far from the jundion of Nottingham 
canal therewith), and terminates in the town of Cromford 
near Matlock. There is a cut to Pinxton coal works of 
three miles in length, another to Swanwick coal works ; 
alfo a rail-way branches to Critch lime-works, mile, and 
to Biggarlee coal works i4 mile. From the Erewajh 
to near Cod nor caflle, four miles, there is a rife of 80 feet, 
thence to Cromford, 14 miles, it is level; the Pinxton branch 
is level, and proceeds from the upper level. The width of 
this canal at top is 26 feet ; the boats are So feet long, 
7^ feet wide, and 3^ feet deep ; when empty they draw 8 
or 9 inches of water, and when loaded with 22 tons, they 
draw about 2^ feet. Near Ripley is a tunnel of 2966 yards 
in length, which is 9 feet wide within (idc at the water's fur- 
face, and 8 feet high from thence to the crown of the arch, 
which is of brick, except fome parts where the rock proved 
bard and found enough to Hand without walling : the fide- 
walls and crown of this arch feem to be part of an ellipfis, 
but where an inverted or bottom arch was wanted, the iame 
is much flatter. For conflru^ting this tunnel, 33 pits or 
tunnel-fhafts were funk, fome of them on the fuminit of the 
hill, being 57 vards deep. This tunnel is faid to have coil 
7]. per yard in length : it interfe^^s a valuable feam of coals, 
which is now worked, and in linking the tunnel-pits excel* 
lent iron ore was found, which is now worked, and the 
hirnaces are fupplied with coals drawn up through a (haft 
from below for that purpofe. There arc feveral fmaller tun- 
nels upon the line for (bortening its courfe. Near Butterly 
ball there is a conliderable deep-cutting, and (horter ones in 
other places, to avoid the loops round the points of the hills. 
Over the Derwent river, near Wigwell, there is a large 
aquedufi bridge 200 yards long and 30 feet high, the river 
arch is 80 feet fpan. Two fmaller arches by its fide ferve 
to carry off floQds, and for a road. Over a finall river, which 
conies into the Derwent near Frithly, is another large aque- 
du^ bridge about 200 yards tong and 50 feet high ^ beudes 
the river arch, there art two others, one for floods, and ano- 
ther conveys the tum-pike mad un^r the canal ; thefe two 
auueduds are (kid to have co(t about 6000U There are con- 
fiactable esfibanktoenu in fome pkeci du this cimaL Nearly 
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over the Ripley tunnel there is a refervoir of 50 acres of 
water when full, the head or embankment of which is 200 
yards long, 33 feet in height in the middle of the valley, the 
bafe being there 52 yards wide, the top of the bank is four 
yards wide. This rtfervoir is faid to have coft 1600I. ; the 
mean depth of it is X2 feet, and it will contain about 2800 
locks full of water, which is let out by a large pipe and cock 
in one of the tunntl-pits. There are two other refervoira 
for this canal, one of 20, the other of 15 acres. At the 
Cromford end of the canal there is a confidcrablc ftream of 
water taken in as a feeder, and the whole of the 14 miles of 
level and branches thereto have their banks made up one foot 
higher than ufiial to adl as a referve for dry weather. Mr. 
William JeJfop was the engineer to this canal, and it was 
completed bcfoic the year 1794. The total coft is faid to 
have exceeded 80,0001. For the cutting and wheeling of 
^l^y* pc** cubic yard, per ftage of 20 yards, was ufu- 

ally paid ; for gravel 4^d. per yard ; for ftony ground .^^d. 
per yard, and 4d. per cubic yard extra for all ftonts picked 
out and (lacked. In the year 1797, a cut was propofed 
from the fummit-lcvel to the new collieries in Codnor park. 
In iSof, notices were given for the intended Belper canal, 
that w'as propofed to join this near to Cull bridge ; and 
in 1802, a cut was propofed to be made from the Der- 
went aquedudt on this canal to near Dethick, and thence 
near the Derwent and Wye rivers to the town of Bake- 
well. 

Crouch River. The courfe of this river is nearly weft, 
in the county of ElTcx. The principal objc^ls of this navi- 
gation art the import of coals, deals, &c. and the export 
of farm produce, and of oyfters from near Walflett. Bil- 
lerica and Rochford arc the neareft confiderable towns to 
this river. It commences in the Englilh channel (about 10 
miles from the mouth of the Thames)^ and terminates at 
Hull bridge. 

Croydon Canal. Aft 41 Geo. III.— The general 
dire< 5 lion of this canal is nearly fouth for 94 miles, in the 
counties of Kent and Surrey : it is not greatly elevated ; its 
objeAs are the fupply of Croydon with coals, deals, &c. 
and the country through which it paffes with manures and 
other articles, and the conveyance of its produce to the 
London markets, and the export of (ire-ftone, flint, and 
fullers* earth. Croydon is the Jo8th Britilh town, with a 
population of 3,743 perfons. Deptford is alfo a confidcra- 
ble place. This canal commences in the Grand Surry ca- 
nal near D^tfoid (two miles from its connexion with the 
Thames at Kotherhithe), and terminates at the new Bafon 
near the town of Cro)don. From Xht Grand Surry cmA 
(level with an ordinary high tide in the Thames) to the tqp 
of Plcwgarlic hill, mile, is a rife of 70 feet, by 12 locks; 
thence for { a mile it is level, and thence for | of a mile to the 
beginning of Foreft wood, there is a rife of 794 feet, by 
(ingle and one double locks ; from thence to Croydon, 7 miles, 
it is level. The locks upon this canal are 60 feet long and 9 
feet wide ; tach lock has a groove for ftop-planks at its head, 
but no paddle* weirs; the wade water is iutended to run ovisr 
the upper gates. This company are to have a bafon for their 
boats to lie in at Rotherhithe, on the fonth-eaft fide of the 
Grand Surry entrance bafon, and another by the high road 
near Croydon town. There are feven roaa bridges and 30 
accommodation fwing-bridees. Ou the top and northern 
dope of Plowgarlick hill, there is a confiderable deep-cut- 
ting, and others in Sydenham and on Penge common ; and 
near Selhurft wood is a confiderable embankment. On Syd* 
enham common there is a refervoir of 10 or 15 acres fupplied 
in wet times bv a feeder out of an adjoining vale, and into 
wliich its wafle or over 4 all is to be when fuU ; there is 
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anothn- rcfervoir on Norwood common, which, with the 
long fummit pound on fo tenacious a loil, will be fufficitnt, 
it is prefumed, tofupply the locks that arc making. *At the 
time the afk palTed for this canal, it fectned intended to ufe 
■inclined planes, and to pump the wattr for fupplying the 
pounds up from the Grand Surry canal by llcam*cngine8, 
that were alfo intended to wind the boats up the planes : and 
At feems lingular, under thefe circumftances, that legiilative 
provifion was made, for a culvert or fmall tunnel through 
Forcft-hill for conveying water from the fummitdevel of this 
canal on Sydenham common, and by aqiiedu£is or pipes to 
fupply feveral towns and places with water, viz. by a branch 
of near f of a mile to the top of Dulwich town, and from 
the end of the faid tunnel to Knight’s hill by a crooked 
courfeof three miles in length through Norwood, and along 
Knight^s hill towards London for one mile ; alfo another 
branch of near one mile to Streatham town. Mr. John 
Rennie and Mr. Ralph Dodd were the engineers, and Mr. 
Clark is now employed as rclideiit engineer tnereon. About 
feven miles of the upper end of this canal is completed and 
in ufc, and the remainder is proceeding with great expedi- 
tion. The company arc empowered to raife 8o,cool., which 
is not now expedlicd to prove fufiicicrtt ; the amount of lharcs 
arc lool. each. The Inm of 40I. is to be paid annually to 
the city of London, towards improving the Thames river 
above London Bridge. This canal is to have its w ater kept 
always two feet above the furfacc of the ground on Croydon 
common, and fome other fevere and unprecedented reftric- 
lions arc introduced in favour of the millers on the Wandlc 
river, at fome miles diftauce. 

Croydon and Wandfwortlu In September 1800, propolals 
were made for a canal from the river Thamei at Wandf- 
worth, following nearly the courfe of the Wandle river to 
Croydon in Surry ; but the fame was given up (hortly after, 
in favour of the north Surry iron rail-way, whidi pafles 
through nearly the fame trad^. 

Cyfarthfa Canal. The general dirc£lion of this canal, 
or water level, is nearly N.W. we believe, for about 3 miies, 
in the county of Brecknock ; it is on a high levelfand was 
conftnictcd fome years ago by Mr. JSacon^ to bring foals and 
iron-ore from the mines in the mountains, to biatfU^nacesat 
Cyfarthfa, near Merthyr Tidvil. The whole it upon one 
level, and it does not conneft with any other canal or navi- 
gation ; it is now the property of Mr. Crawjham, the great 
iron mafler. It is fitiiatc near to the northern ends of the 
Glamorganjhire canal and the Cardiff and Merthyr rail-way^ 

Darent River. Thccourfe ot this river (called Dartfoid 
creek,) is fouth for near 3 miles in the county of Kent; it com- 
mences in the tide* way in the river Thames, wd terminates near 
the town of Dartford, for whofe fupply it is principally ufed. 

Dart Ri er. The general dire^ion of this river is 
nearly N.W. for about 10 miles, in Devonlhire ; the tide 
flows through its whole length; its principal objefts fctm 
to be the fupply of Totnefs with coals, and the country with 
flidl-ftnd manure, and the export t)f farming pfoducc. 
Dartmouth and Totnefs arc confiderablc towns ; its com- 
mencement is in Start bay, and it terminates at the Mill weir, 
about one mile above Totnefs; this river is plentifully ttored 
with trout. 

Denn Forefi Railway. In the year 1802, it was pro- 
pofed to conftrna a rail w^ay from the river Wye, near to 
Englilh Bichnor, we believe, to the fummit of the Forcll of 
Dt-an, its objeft being the carriage of the immenfe (lores of 
coal and iron, with which it abounds; Colford is aconfidcr- 
ablc tpwn near its route. In the preceding year the Severn 
ard Wye rail-way was propofed to pafs nearly the fame track. 

Dean Riter. A6\ 12 Gco. IIL— -The dhe^ionof this 
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river is nearly S. for about 2 miles, in the county of Not- 
tingham ; it is not greatly elevated above the level of the 
fea; its principal objed is the fupply of Newark, the 91 ll 
town in the Lft ot Britifh population, with 67,^0 inha- 
bitants. It commences in the river Treftf, at Craiikley’s, in 
South Markham, and terminates at the upper weir luar the 
town of Newark ; the works hereon were completed in Jan. 
^797* I*' ^793 the -jHewark and Holtesfo'^'d was propofed to 

join this at Newark. 

Dearnt and Dove Canal. Adis 33 and 40 Geo. III. 
—The general dircAion of this canal is about N.W. for 
miles, in the Weft Riding of Yorkfliirc, its northern end is 
confiderably elevated ; its obie^ls arc the communication be- 
tween Shefiield, Wakefield, Halifax, Leeds, Mancheftcr, Li- 
verpool, &c. and the export of the coals and iron-ftonc, &c. fo 
plentifully found on its courfe. Barnfley and Rotherham arc 
confidcrable towns on or near it, fo is Doncaftcr, the noth 
town, with 5697 inhabitants. It commences in a fide cut 
of the Don, or Dun river, between Swinton and Mexburgh, 
and termiijatcs in the Barffley canal at Eyming’s v^ood, near 
Barnfley, there is a branch of3j miles to RockclifF bridge, 
and another of i J miles to Cobcar Ing. From the cut of the 
Don navigation to Knoll Brook the diftance is 4! miles, wdth 
a rife of 4ii feet ; tbence to Aldha^i Mill, 2 J nv.lcs, is a rife 
of 24 feet, (the Cobcaring branch being on its higheft 
level); thence to the Banifley canal is 2\ miles, with a rife 
of 594 feet ; the Cobcar Ing branch is level; the RockclifF 
branch begins from the fummit-lcvcl, and mile to 
Worfborough bridge is level ; thence to Rockcliff bridge, 

mile, it has a rife of 56 feet. The locks on this canal r e 
built with excellent hewn or adder ftonc, and are calculated 
for boats of 50 or 60 tons burthen, the fame as navigate the 
Dun river, and this company are required to keep a depth 
of water equal to 4^ feet on their lock-fills, and in every 
part of their line ; and for guarding againft lofs of water on 
the fummit, a flop-gate is to be ert£led hereon, near the ter- 
mination in the Barnjley canal, and another on that canal 
below the jundlion, both of which may be fliut and locked 
when the fupply of cither canal fails, and it would confumc 
the water of the other. The aqueduA and other bridges 
hereon arc fubftantially conftruAcd of hewn ftone. Tumb- 
ling-bays and gauge-weirs arc lo be crcAcd for fupplying 
feveral mills. There is a large refervoir near Elficar. Pro- 
prieturs of mines may make rail-ways to thi8t;anal, if within 
1000 yards, or 2000 yards near Wath. Mr. John Thmpfon 
is faid to have been the engineer, and it was completed in 
the year 1804. The company were empowered to raife 
ico,oool. The amount of mares lool. each. The rates of 
tonnage on this canal are too various and complicate for the 
room we can allot to this fubjcA, they will be found in 
Phillips^ 4/O0 Hiflory, p. 62 to 66 ; but it muft be obferved, 
tnat the laft aA (40 Geo. III.) made an increafeof, we be- 
lieve, 50 per cent, on thefe tolls. Boats are to pay for 6 
miles of tonnage, however (hort a diftance they may have 
navigated on this canal. In May 1 797, carl Fitzwilliam 
propofed, at his own expcncc, to extend the Cobcar Ing 
branch to his Elficar collieries, on being allowed water for 
the fame from the Elficar refervoir. 

Deben River. The courfe of this river is nearly N.W. 
for about 10 miles, in the county of Suffolk ; its objeAd are 
the imports of coals, deals, kc, and exports of farm produce; 
it commences at the fea near Felix tow, and terminates near 
Woodbpdge, which is a confiderablc town. 

Dee Rivbr, {Aberdeen), This river takes its courfe about 
weft for^ 2 miles, between Aberdeenfliire and Mcarns county 
in Scotland, the tide flowing through the whole navigable 
length; it commences in the har^ur of new Aberdeen, 
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where it is joined by tbc Ahcrdeenjhtre CftnaL New Aber* 
^een is the 19th town in Britain) with 17)507 inhabi* 
tants, and its harbour was improved by a pier of 300 yards 
in length) begun under the dircdlion of Mr. Juhn Smeoion, 
in 1770, who was employed again in 1778, to make farther 
improvements. In 1803, Mr. Thornes Tflford was employed 
to dtfign new’ works and improvements hereoti) fo that fhips 
of 18 or 20 feet draught of water may be accommodated. 
There are cxcelUnt granite quarries near this river. 

Def Ki \ ta.) {Cbfjler). general courfe of this river 
is nearly S. PI. for about i 2 miles, in the county of Flint, 
and Ikirting the county of Cheftcr ; the firft 9 miles are by 
a wide clluary opening to the Irilh dhannel) and from near 
the town of Flint thereon, a new cut w’as made for the river 
up to Chctler, under the dirc£lion of Mr. Nathaniel Kinder^ 
//•y, about the yedr 1749 ; before which time the old chan- 
nel was fo choftked with fand, that (hips of burthen could 
not come within 7 or S miles of Chefter ; the new Ilraight 
cut, that was at firft 8 feet deep in general, principally 
through m»irft)es, foon feoured itfelt out, fo that (hips of -soo 
tons could come up to the town, and where the time of 
bigh-water became earlier by \ of an hour, than when the 
tide had to make its way through the old crooked and (hallow 
channel. Cheftcr is the 25th town, with 15,052 inhabitants, 
Holyw’ell near it, is tbc iiith, with 5,567 perfons, and 
Flint is alfo a confidcrablc town. On the N.W. fide of 
Cheftcr the EUefmere canal conneila wrth this navigation 
and croflfes it, for which goods pay 2d. per ton to this com- 
pany; it is alfo to receive from tlic EUefmere company what- 
ever its tolls may fall fliort of 210I. annually. At Chefter 
this river is joined by the Chtjler canal, 

Dfe Rivfr, [Khkeudbri^ht). The courfe of this river 
nearly N. for about 6 miles, in the county of Kirkcud- 
bright in Scotland, being an eftuary opening to the Irifti 
fea. Kiikcudbright is a confiderable town thereon, and 
where the Glenhens caiial connects therewith. 

DasBY Canal. At\ 33 Geo. III. — This canal runs 
nearly N. for about 9 miles, in the county of Derby ; it is 
not greatly elevated above the level of the fea. Its ob- 
jc^Is are, the fupply of the town of Derby, and the export 
of coals and iron. Derbv is the 43d Biitifh town, with a 
population of 10,832 perlons. It commences in the 
river at Swarkllonc bridge, crofles and intcrfetls with the 
Trent and Merfcyutmlj and terminates at Little Eaton, near 
4 miles above Derby, from which town a cut of 8^ milts 
goes off to a place between Sandiacrc and Long Eaton, 
and there joins the Erewa/b canal. There is a rail^way 
branch of 41J miles, to Smithey-houfes near Derby, another 
to Horfley collieries, and another of 1} mile to Smalley 
mills. In cafe a raihway, or canal, (hould be hercafur made 
S«.of the Trent Irom Brc don lime- works, this company has 
enga^d to make a cut between the Trent and Merfey canal 
and tnc Trenty at Wefton cliff, oppofite thereto. From the 
Trent to the Trent and Merfey ^ i a mile, is a rife of — feet ; 
thence to Derby, 5i miles, is a rife of 12 feet ; and thence to 
Little Eaton, 3^ miles, is a rife of 1 7 feet ; the EreMtaJb 
branch has a fall of 29 feet. This canal is 44 feet wide at 
top, 24 at bottom, and 5 feet deep, except the upper level 
next Little Eaton, which is made 6 feet deep to retain the 
water of wet feafons like a refervoir ; the locks are 90 feet 
k>ng, and 15 feet wide within fide : adjoining the town of 
Derby is a prodigious large weir or tumbling bay, where 
the canal croffes the Derwent river, that was navigable to 
this place for many years back, but the tolls thereof were 
expelled to fall off on the completion of this canal, and it 
was therefore agreed, that this company (houfd purchafe 
the nhole concern for 39961. A little W. of the river 


above-mentioned, the canal cioffes a brook In a eefidron 
trough or aqueduA. This canal was finifhed in 1794 ; the 
company were authorized to borrow 90,000!. the value of 
(hares being lool. Sq^arate rates of tonnage were fixed 
on different goods, between the Trent and the T rent and 
Merfey^ between that and Derby, and on the different cuts 
and rail-way branches, which are too long for us to infert, 
they will be found in Phillips* .f/o. Hlfiory of Canals ^ Appendix ^ 
p. 55 to 59. Manures are to pafs toll-free, and puncheons 
or clogs of wood, to be ufed as fupports in the adjacent 
coal-mines, alfo road materials, except for turnpike-roads ; 
and if the Mansfield turnpike-road tolls are reduced below 
4 percent, on their debt, this company is to make them up 
to that fum. The profits of this co^^cem are not to exceeed 
8 per cent, but after 4000]. is accumulated as a (lock for 
contingencies, the tolls are to be reduced. Five thoufand 
tons of coals annually arc to pafs hercoiT toll-free, for the 
fupply of the poor of the town of Derby. Horfes pay id. 
and cattle -Jd. each, for liberty of palling along each rail- way 
branch. 

Dr R WE NT River, [Derby), The courfe of this river i« 
nearly N.W. for about 9 or 10 miles, in the county of Derw 
by ; its principal objcA was the fupply of Derby, previous 
to the making of the Derby canal, when this concern was 
fold to that company, as mentioned above. It commenced 
in the Trent river at Wilden-ferry, (where the Trent and 
Merfey canal commences,) and terminated at the town of 
Derby. 

Derwent River, [New Mahon), The general courfe 
of this river is nearly N. for about 37 miles, in the Eaft Rid- 
ing of Yorkfliire ; its ohjedts arc the fitpply of New Malton 
(a confiderable town ) with coals, deals, &c. and the export 
of farm produce, clialk, &c. It io but little elevated above 
the fea ; it commences in the Oufe river at Barnby, and ter- 
minates at the town of New Malton. In January 1804, it 
was in contemplation to make thib river navigable up to 
Yedinghani bridge. 

Derwent River, [IVorlhi^lon), The courfe of this 
river is nearly E. in Cumberland. Workington, on its 
banktt. near the Iri(h fea, is the fo^th Britilh town, with 
5,7 i6inhabitant9 ; to the vicinity ofthis town there arc fevcral 
rail^waySf which bring down coals from Mr. CurwetilSf and 
other coal-mines, for exportation from this place. 

Devon River. The general direAion of this river Is 
nearly N.E. in Clackmannanfiiire in Scotland, from near 
Cambus quay, on the Frith of Forth ^wo and a half miles 
above Alloa) to MedlockFoot. Mr, john Smeaton v/zo, in 
1765, and again in 1768, confulted, about making this river 
navigable, or a canal by its fide, the rife being 38^ feet, in 
order to bring down the produce of fevcral cnal.tmnes near 
its banks, to be (hipped on the Forth, wherein Uie fpring 
tides rife 20 feet at Cambus quay. A branch was propofed 
to Alloa, and another to Sterling. 

Dewsbury and BirstAl Rail-way.- The general 
dircAion of this rail-way is nearly N. for about 3 miles, in 
the Weft Riding of Yorkfliire, and its object is to bring 
down coals to the vcffcis in the Calder river ; it commences 
in the Calder and Hebble navigation at Dew (bury, and ter- 
minates at Stublty coal-mines in Birftal parifti, which ar(5 
woiked by Meffrs. Thomas Chefter and {ions, who ure akb 
the foie proprietors 01 this iron rail-way, which was com- 
pleted in the prefent month (OAober 1805). 

Don, (or Dun) River. AA 12 Geo. 11 ; The gcncv»il 
dircAiou of this river is nearly S.W. for near 4c miles in the 
Weft Riding of Yorkfliire, (tiicluding what is 121 tome mups^ 
called the Dutch river, near to the Ou/e,) the fouthern end 
of this navigation is rather elevated. The ongiuai objeAs 
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of this navigation were principally the fupply of Sheffield, 
nnd the export of the iron-warcs and iron from Sheffield, 
Rotherham, &c# (ince which period, the Dearne attfl Dove 
canal, which joins at Swinton, and the Stawforih and Kcad- 
hy^ at Filhlake and at Hangman Hill, and the cut to the 
^yre river near Snaith, have opened new fourccs of fupply, 
and for the export of coals, ftonts, iron, and manufaAurcd 
goods of fcveral kinds, which this rich track of country pro- 
uuccs. Sheffield is the I4lh Dritiffi town, with j 1,3 14 in- 
habitants, Doncafler is the l loth with 569; perions ; Ro- 
theram, Doncalltr, Thorne, and Snaith are alfo confiJcr- 
ablc towns on or near this navigation. The commencement 
is in the river, at Goole bridge, and it terminates at At- 
tei*clifre, within 2 miles of Slieffield, and has a cut to the yfyre, 
as above, and fide-cuts with locks between Mcxhurgli and 
Swinton, and in other places; the tide flows above the 
junftion of the river Went. The Stahiforth and KeaSy, 
aft .3.^ Geo. III. has direfted rates for boats paffing out of 
this into that canal by the cut of this river. In Scptembci 
1803, notices were given, for a new aft for weirs and fide- 
cuts to tills river in Mexborough, Spotborough, and other 
places, and a new courfc for the river, near the jun6\ion of 
Dcarnc river. And, in February 180.3, there was a defign 
of extending this navigation to Sheffield by' a canal from 
Tinflcy, 4 miles, for which .30,0001. was fubferibed. 

Donnington-wood Cakal. The general direftion of 
this canal is about N. or N.E. for 7 miles in Shropfiiire ; it 
is upon a very high level, nearly parallel to the grand ridge 
on the wcflern fide : its objeft is the conveyance of iron* 
ftone and lime-ftone, from thci mines to the Donnington- 
wood iron works in L4ilc(hal pariffi, and lime and coals for 
the fupply of the town of Ncwpoit, which is a coniidcrablc 
place. It commences in tlic Slropjhire canal (near its junc- 
tion with ShrevjJhury canal,) at Donnington wood, and ter- 
minates at Pavc-lane whail near Newport; it has a level 
branch to Ijileflial limc-woiks, but on a higher level tl.an 
the line, to which the limedlonc was formerly let doxMi, in 
boxes through perpendicular fhafis, at the f^utie time that 
other empty boxes were afeending, the conftruftion being 
nearly the fame as the (hafts afterwards ufed at Briicrly-liill 
on the canal, but like them they have fince been dif- 

ufed and inclined planes are now ufed, on which boxes of 
lime-ilone defeend and draw up einptyhoxcsbymeinsof ropes 
p.ifiing over A large drum, tf) wliich a brake wheel is adapted 
to regul itc the motion. Tlic boats hereon carry 2 j tons of 
lading; the canal was cut in 1778 at the joint cxpcnce of 
tne marquis of Sltijford and Meilrs. John and Thomas Gil- 
bcjta. In June 1 797 tliis was propofed to be joined at Puve- 
lanc by the NeKuport and Slons canal. 

Doxsf.t and Somerset Canac. Afts 3^ and 43 
Gco. III. — The general direftion of this canr.l is nearly S. 
for about 40 miles in the counties of Wilts, Somerfet, and 
Dorfet : the middle part of it is on a high level, andcrones 
the fouth wcflcrn branch of the grand ridge. Its principal 
objects arc the fupply of the manufaftnring towns and neigh- 
bourhood through which it paffes, with coals horn the 
uiines bordering on Mendip, and the opening of an inland 
communication between the Brillol channel, the Severn^ the 
Thames^ and the fouthern coad of the ifland. Froortic is 
the 60th town in the oeder of population, with 8.748 inha- 
bitants, and Bradford, the yStb, with 7,302 perfons; Bru- 
ton, Wincanton, Stalbridge, and SlurmiuIter are alfo con- 
fiderabk towns near the line. The commencement is in the 
Kennct and Avon canal at Widbrook near Bradford, and 
the termination in the Stour river near Gaiiis-crofa in Shilling. 
ftone-Okeford ; from near Froomc a branch of about 0 n'iks 
proceeds to Nettlebridge collieries in Midfummer-Norton. 


The Nettlebridge branch was Gril cut, in order to fupply coals 
to Froome and its neighbourhood ; and water being fcarce 
thereon, one of Mr. PtJfeVs balance-locks was crefted on a 
21 feet fall at Mells near Froome, and was publickiy tried 
on the 6th of September, and j jth of Oftober 1800, and 
in June i8oz, as particularly deferibed in a previous part of 
this article. An aqnediift bridge was crefted fcveral years 
ago over the river near Froome, but it is with flow pace, we 
fear, that the works are proceeding towards a final com- 
pletion. The company were by the firft aft nnthorifed to 
raife 225,000!. and a further fum under the fecond, wc be- 
lieve, the amount of fliares being lool. Stones arc to be 
crefted at every half mile; plea fu re boats of x 2 feet long 
and 5 broad may be ufed on the pounds, 30 yards in width 
are allowed, in general, for the company to purchafe, and 
100 yards wide for docks, wharfs, 5 cc. fprings maybe taken 
and refervoirs formed any where within 2000 yards of this 
canal. 

Douglas Ritf.r [T^fiwrr Nav\\iatlotu) Afts 6 Geo. I. 
and 10 and 23 Geo. HI. (for Leeds and Lwerpool). The 
courfc of this luivigation is nearly fouth ; for 9 miles in Lan- 
cafhirc it is but little tlevated above the fea ; its objefts arc 
the export of common and c«inncl coals, and farm produce, 
and the import of limc-donc ; it commences in the tidc*way 
in the eftuary of the Ribl//e river near lliiflceth, and terminates 
in the J^eed^ and Liverpool canal at Brier’s Mill. From the 
Kibble to Solom, about 5; miles, the river Douglas (or Afland) 
is navigable, and thence to Brier’s Mill is a canal 4 miles, with 
a rife of 8 locks, the whole rife from the Kibble being 49 feet. 
The width of the canal is 24 to 30 feet, and depth of water 
^ feet ; the locks are 70 feet long, and i »)4 wide. 
The firll aft above authorifed MefTrs. William Squires and 
Thomas Steers to mnke the Don^\;ilas river navigable from the 
nibble to Miry-lane end, near VVigan, which they effefted 
about the year 1727 ; being allowed 2 8. 6d. per ton for 
goods, whatever dilla.ncc they might be navigated thereon; 
by the Firll aft for the Leeds and Liverpool canal (10 
Geo. III.), their fucciffors were authorifed to make a 
junftion with the Leeds and Liverpool canal at Nevvborougli 
by a cut of miles long, parallel to this river, with a fall of 
12 feet, which they complrud in 1 774, and the fame now 
forms part of the Leeds and Liverpool canal, S.E. of New- 
borougli aqiuduft bridge, in confequence of the purchafe 
which that company rnr.de of tlic whole of this concern, in 
ptirfuance of tln ir aft of 23 of Geo. HI. ; fince which, the 
canal from Brier’s Mill to Solom above dtferibed, as part of 
the lower navigation, was cut and completed in 17S1, and 
the river navigation between Solom and Wigan, 12 or 13 
miles (on the upper navigation) has, wc believe, been difiifcd 
fiucc tl»c J..eeds and Liverpool canal was completed by its fide 
to Wigan, and the communication by the lower Douglas 
navigation to the Rihlle^ above deferibed, was opened. 

Dooglf.dge River. The courfc of this river is nearly 
north ill the county of Pembroke in South Wales, from the 
tide-way in Milford^ Haven to Haverfordwell bridge, its ob- 
jeft being the fupply of that town. 

Driffield Canal. Afts 7 and 41 of Gco. TIT. The 
courfc of this navigation is nearly north, for about 1 1 miles 
ill the Eall Riding of Yorkihire ; it is but little elevated 
above the fea ; its general objefts are the import of coals^ 
deals, &c. and the export of farming produce ; it commences 
at Aike-bcck month in the Hull river, and terminates at the 
town o( Great Driflicld ; the firft five miles is by the courfc 
of the Hidlnstt to Fi(h*holm dough, and the remaining 6 
miles is by a canal ; tlie courfc of the UuU river ferves alfo 
as a branch of mile in length to Frodingham bridge. In 
t764Mr.y»iii Smeaton was confultcd on lliis intended navi- 
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f ition. In 1604 it vrai in contemplation to deepen the 

rodingham branch, and about 2 milea of the canal up to 
Snakeholme lock, nearly 2 feet dcmr than it was before. 

Droitwich Canal. A6l 8 of Geo. III. The general 
dire^ion of this canal as about. N.£. for miles in the 
county of Worccftcr ; it is not greatly elevated above the 
fca; its objeds are the export of fait and the import of 
coals, of which 1,3,500 tons are annually imported, and ufcd 
in the boiling of fait, except what the town of Droitwich 
confumes. It commences in the river Severn, at Hawford, 
and terminates at Chapel bridge in the town of Droitwich ; 
it has a rife of 59I feet by B locks. This canal was exe- 
cuted by Mr, %mes Brindley ^ and it is faid to prefent a 
pattern to cRnal-makers by the neatnefs and regularity of its 
curves, and the (lability and excellency of all its works. 
The proprietors were authorifcd to raiCe 55,400!. the 
amount of (hares being 1 00 1 . The tonnage on every quarter 
of grain, or 6 bufhcL of meal, is 2 d. and on every ton of 
fait, cdals, or other matters, is. 6 d. By the ad for the 
Worcejler and Birmingham canal (51 Geo. III.), the (hares 
herein arc guaranteed to produce 5 per cent, annually, and 
arc to be made up by tliat company in cafe of their falling 
below that fum. Owing to the overflowings of the copious 
fait fprings near Droitwich, this canal prefents the curious 
fpedacle of a falt-water canal, in the interior of the country, 
in which no rivcr-fi(h can live. 

Dromreaoh Canal. This is a canal in Ireland, con- 
cerning which our information extends no further, than that 
the parliament of that country, between the years 1768 and 
1771, granted 3000 1. of the public money towards carrying 
on the works. 

Drumglass Canal. This is a canal conneding with 
the Drumglafs collieries in Ireland, towards the works of 
which canal,, and thofe collieries, the parliament of that 
country, between the years 1753 and 1771, granted no lefs 
than 117,714!. of the public money ! 

Dudley (and Owen) Canal. Ads 16, 25, 30, 33, and 
36 of Geo. III. The general diredion of this canal is 
nearly N.W. by a crooked courfc of 13 miles in Worceftcr- 
fhire, a detached part of Shropfhire, and Staffordfhire ; it is 
jDtuate very high, its two ends are on the caftern fide of the 
grand ridge, while its middle, by means of two very long 
tunnels, is on the wedem (tdc of the fame. Dudley is the 
49th Britilh town with a population of 10,107 perfons, and 
the bufy and rich country through which this canal palfes, 
fumi/hes an ample tonnage in the expoit of coals, iron, and 
lime, while its communication with the Stourbridge canal, 
by the Black-Delph branch, and the terminating canals, 
occalions a very confidcrable carrying trade thereon. This 
canal commences in the Worcejler and Birmingham canal at 
Selly Oak^ and terminates in the old Birmingham at Tipton 
Green ; from near Dudley there is a branch of 2 miles to 
the Stourbridge canal at Black-Delph in Kingfwinfotxl, there 
is another branch of i J mile to near Dudley town, and a 
branch from this lift of ^ of a mile to Dudley coal-works. 
From the Worcjler and Birmingham canal to the Black- 
Delph branch, 10^ miles are level, thence to near the entrance 
of the Dudley tunnel, about f of a mile is a rife of 51 feet 
by 5 locks, tnence throngh the tunnel it is level, and from 
thence, in the lad 4 of a mile, is a fall of 13 feet by 2 locks, 
to the old Birmingham canal : the Black-Delph branch has a 
fall of 85 feet by 9 locks to the Stourbridge canal ; the 
Dudley branch has a rife of 64 feet in the fird i of a mile, 
the remainder thereof being level, and the collie^ branch 
level therewith. The depth of water in this canal is 5 feet ; 
the width of the locks on the Black-Delph branch is 7 feet. 

To near Lapal, or Laplati this canal paiTes through a tun- 
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nel 3776 yards long, at Gordy hill it pafles through another 
of dij. yards, under a collateral branch of the grand ridge, 
and at Dudley there is another tunnel of 2926 yards in length 
on the fummit-level of the canal ; the arch of this lad tunnel 
has a height of 13^ feet. At Cradlcy-pool it a large refer- 
voir for fupplying the lockage of the Black-Delph branch. 
It is provided, that level cuts may be made from this canal 
towards any coal-mine, to the extent of 2000 yards. A dop- 
lock is ercflcd at the jun^ion with the Worcejler and Bir- 
mingham canal, by which cither company has a power of 
preventing the other from drawing o(F their head 
of water. The Black-Delph branch was drd executed, 
which was then united with the‘ Dudley part of the canal 
which had been conUnnflcd by lord vifcount Dudley and 
Ward ; thefe were completed and in ufe before the extenflon 
or main lengthy to Selly Oak was defigned. The company 
has been authorifcd to raife 229. 100 1. the amount of (hares 
being 100 1 . each originally. Owing to the different a6ls 
under which the parts of this canal were progreflively under- 
taken, the rates of tonnage being different thereon, and 30 
the variety of rates on different articles, we cannot attempt 
an account thereof in this (hort abdradt, they will be found 
in Cary's Inland Navigation^ p. 53 to 55, alio p, 45, where 
certain rates are made payable to the old Birmingham com- 
any on account of the junftion therewith, (but which have 
ncc been varied by the 34 of Geo, III. for Birmingham 
canal) and at p. 70. will be found other rates, In confcauencc 
of the jundlion with the Worcefler and Birmingham canal. I n 
the Stratford zA (33 Geo. III.) are feveral regulations re- 
lating to tolls on goods paffing to or from this canal ; and 
this company are bound to make up the profits of the Stour- 
bridge canal to 1 2 1. per (hare annually, but not exceeding 
5 1. on each (hare. 

Durham and Chejlerle- Street, In February 1797 Mr. 
Robert Whitworth made a report in favour of a propofed 
canal from the Tyne to Cheilcr-lc- Street, and thence to 
Durham, it was edimated to cod 79,000 I. and the probable 
advantage thereon to fubferibers was dated to be near 20 per 
cent. Durham is the 74th Britifli town, with 7,530 inha- 
bitants ; this country abounds in coals. 

£den River. The general diredtion of this river is 
nearly S.£, for about 12 or 15 miles in the county of Cum- 
berland ; its principal objcdls feem the export of coals, and 
the fupply of Carlifle, which is a confiderable town. It 
commences in the tide-way of the Solway Firth, and termi- 
nates at Carlifle bridge. In 1*95, the Newcafile and Carlifle 
canal was propofed to join this river at Carlifle. In 1799 a 
rail-way from the carl of Carlifle's coal-works, near Bromp- 
ton, to this river, was opened ; and in i8oj another was 
intended from lord Lowther’s coal-works at Wamcl, about 
1 1 miles didant from Carlifle. 

£dinburch and Glasgow Canal. This canal, pro- 
jedted about the year 1 796, appears to have nearly a wed 
direflion for about 50 milwi in tlic counties of Edinburgh, 
Linlithgow, and Lanark in Scotland \ its objcdls arc the 
export of coals and lime from ClydefdRle, through which 
it paffes, and the opening of a diredt communication between 
Edinbui^h and Giafgbw. Edinburgh (and Leith) being 
the 3d Britilh town, with a population of 82,560 peribna, 
and Glafgow the 5th, with 77,585 inhabitants; mm the 
fcanty materials to which we have at prefent accefs, it feema 
that this canal commences in the tide-way of the Forth, in 
the harbour ot Leith, and terminates in the tide-way of the 
C/ydCf in the town of Glafgow, and was ffniihed in 1802 ; 
that at Glafgow it connedls with the MonUand, and in 1803 
the Glafgow and Saheoats was propofed alfo to join it. 

Eil and Shiel canal. In the year 1 805 Mr, Thomas Telford 
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furvcyM tins line of canal, being a length of 3 miles from 
the tide way in Loch Eil within fome miles of the weft end 
of the Invernefs and Fori- William % or Caledonian canal, to 
Loch Shicl, a frefh-water lake on the Highland coaft of Scot- 
land ; Loch Shicl was found 7/^ feet higher than Loch Eih 
and in order to conduft a 12 feet deep canal out of the former 
to the (horc of the latter, it appears that deep cutting w ill be 
required, for about a mile to the depth of 47^ feet, there being 
no water on the fumrnit to fupply a lockage up and down. 

Ellesmere Canal. Afts 33, two of the 36, 41, 42, 
and 44 of Geo. III. ; the general diredion of this canal is 
nearly foutli for 57 miles, by a crooked courfe through the 
counties of Chefter, Flint, and Denbigh, (North Wafes) 
and Salop ; its principal fumrnit is confiderably elevated above 
the fca ; its great objed is faid to be the improvement of the 
agriculture of the cxtenfive and fertile trails, through which 
it pafles, for uniting the Merfry^ Dee^ and Severn rivers, and 
exporting coals, lime, and flate, from the fKirts of the Welfti 
hills. Liverpool is the 4th firitifh town, with a population 
of 77,653 perfons, Chefter is the 25th with 15,052 perfons, 
Shrewlbury the 36th w'ith 14,739 perfons, and Ellcfmcre the 
II 2th with 5,553 perfons; Wrexham, Whitchurch, and 
Ofweftry, are alfo confiderable towns on or near this canal 
or its branches. This canal commences in the Merfey river 
(9 miles above Liverpool) at Ellcfmcre* port in Netherpool, 
and terminates in the Severn river at Baglcy bridge, very 
near to the termination of the Shrevt/bury canal, to which it 
is propofed to be joined ; at the N.W. part of Chtfter city, 
it conneds with the Chr/ler canal, and near the fame place 
crofTes and conneds with the tide* way in the Dee river 5 from 
near Pulford a branch of 4 miles is propofed to Holt j from 
near Gwcrfelt a branch of — miles to Talwcrn coaUworks in 
the parifti of Mould, near the head of the Cegedog valley, 
where there is an opportunity of conftruding a rtfervoir of 
82 acres to fupply the fame (this branch to pafs Frood col- 
lieries, Brumbo iron- works, and Nant-y-frith limc-w'orks) ; 
another ftiort cut from Gresford to Ailing ton ; and a rail- 
fivay branch to Ruabon-brook ; and to the river Dee at 
Llandinillo ; from near Pont-Cyfylty, a b»ancli to Acrefair 
coal-works ; from Fran<^on commofi, is a branch of about 25 
milcxS pafling the town of Whitchurch, to the canal at 

iStokc in Aden parilh near Nantw'ich ; from which branch, 
another of about 7 miles proceeds from Fen-Mofl to Prees 
Heath ; from Hordley on the main line, a brandi of near 
II miles proceeds to the line of llic Montgonury Canal near 
I.lanymynech, and the Verniew river; there being from this 
blanch another to the termination of the Montgomery canal 
at Foi'tywain lime- works near Jdanyblodwcll, and another 
(hort one is intended to Marda bridge near Ofvvrftrr. From 
the Merfey to the Dre (fometimts called the Wirral branch) 
the diftaiiceis 8 miles ; from the Dee river to the Brumbo or 
Talwcrn branch it is t miles, with a rife of 380 feet ; thence 

along the fumrnit pornd, and through the Chirk tunnel 
miles are level ; thence to the north end of the great iron*aque- 
dud, i a mile, is a fall of 75 feet ; thence to St. Martins moor, 
9 miles, it is level; thence to the Whitchurch branch at Franc- 
tou-coinmon, 2^ miles, is a fall of 13 feet ; thence to the Lla- 
nyinynech line at Hordley is J of a mile with 33 feet fall ; 
thence to Ormond park, 14^ miles, is level ; and thence to 
the Severn river at Shrcwlbury is 2 miles with a fall of lo; 
feet. The Holt branch is level, the Whitchurch branch to 
that town, 14 miles, is level, and thence to the Cheder canal, 
1 1 miles, has a fall of 128 feet j the Frees Heath branch is 
level, the Llanymynech branch, 12 miles, has a fall of 19 feet. 
The depth ot water in this canal is 4^ feet, and the canal 
in general is calculated for boats of 70 fett long and 7 wide | 
but the Wirral branch is formed for boats ot 7^ 


and 14 feet wide. There is a tunnel near Chirk of 775 
yards in length, and another al Wefton-Lullingfield of 487 
yards in length. At Pont-Cyfylty, this canal is carried over 
the river Dec in an immenfe aquedud trough, compofed of 
call iron plates, 20 feet wide, 6 feet deep, and 3 2b feet long ; 
this is fupported on 19 pair of conical Itone pillars at 5a feet 
afunder, and the middle onet 125 height! at Chiik 

is a very large ftonc aqiicdud bridge of 10 arches, 200 yards 
in length and <>5 feet high, over the Ceriog river ; and over 
the Allen river there is aifo an aquedud bridge. This canal 
is fed from the Dee river by the Llandinillo branch, and that 
river is compenfated by a cut from Bala-pool, and, all fprings 
within 2 miles of this canal may be taken for its ufe. Near 
Ruabon, one of Rowland anti Co.'s baUricc locks was, in 
*797* *ried on a 12 feet fall for faviug water, as before 
mentioned. The engineers employed on this extenftve w’ork, 
were MeiTrs. William ^ horn as Telford^ — Fletcher y and 

Thomas Dadf or d\ themoftcuniidei'abloprogrcfH was firft made 
at the northern end of the line, and in February 1 796, ftatts 
laden wuth coals began to arrive at Chefter from the Lanca* 
(hire collieries by the Wirral branch, and foon after conve- 
nient paflage-boats were ellablifticd, for the regular convey- 
ance of pafTcngcrs tow^ards Liverpool or back, at lower rates 
than is charged on Bridgewater's canal, according to diftance. 
In January 1797, the navigation was continued to Bctftori 
brook; and in the fame year the fouthern end of the line 
was opened from Shrewft>ury to the Wcfton-LuUingficld 
tunnel. The immenfe aqueduA at Pont-Cyfylty was in 
hand in 1804, s^'d was more than half completed before the 
end of that year, as was alfo the ftone aqueduA at Chirk. 
The company are authorifed to raife 500,0001., thcamoui;t 
of fharcs being looK, which it feems were, in 1802, at 20I. 
below par. The rates of tonnage are, for coals, culm, lime- 
ftone, lime, and fait, iW. per ton per mile; for frec-ftone, 
timber, flate, iron-ftonc, lead ore, iron, and lead, 2d., and for 
all other goods 3d. per ton per mile, except road materials 
and manures (but not lime) upon the pounds, or when tlie 
w^attr flow^s wafte over the lock* weirs. On crofling the Dcs 
river at Chefter, goods pay 2d. per Ion to the Dee company, 
and their tolls are guaranteed to the amount of 210I. annu- 
ally. While this canal w'as projtAing, a rival fcheme was 
ftarteJ, called the F.allcrn Grand Trunk from the Severn al 
Shrewfbury lo the Cbrjlcr canal at Crow's neft, with cuts to 
Vable-Ciui?, to Bonham-Furnace, Holt, and other places, 
Erlwash Canal. A A 17 Geo. MI. — The general 
direAion of this canal is nearly north for 1 1 J miles along 
the ftvin of the crmniy of Derby, near to Noltinghamfhire ; 
its nortliern end is confiderubly elevated above the level cf 
the Tea ; its chief object is the export of coals from the nu- 
merous collieries on its banks, and thofc on the banks (»f 
the Nuibrook canal which Joins it at Stanton, and the Notting- 
ham can.-il which joins it near Langley Bridge ; the branch of 
the Derby canal joins it between Sandiacre and Long Eaton, 
and the Trent canal near Sawley. It commences in the Tten! 
river near Sawley (j)ppofite nearly to the Loughborough na- 
vigation, or Soar river,), and terminates in the CromfordcTxndX 
at liangley Bridge, the rife being to 8J feet ; there is an iron 
raii-avay branch to Brinfley coal-works, on which an experi-. 
ment w^as, as before related, made about the year 1 8co, on the 
load which one horfe could draw both up and down the de-> 
clivity. By the a A of 33 of Geo. III. for Derby a 

reduAion of the rates between the junction therewith and 
the Trent river was made, conditionally, that no other junc- 
tion be niiade between this canal and Derby, but the prefent 
one near .Sandiacre ; and by the 34 of Geo. III. for Trent 
river, the annual rent of 5I. is commuted for a toll of 6d. 
00 every laden boat which lhall crofs the Trent between the 
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Roar river and this canal. A rcfervolr belonging to the 
Noitln^ham canal has a gauge-fliiice, which furnifhes a regu- 
lar and daily fupply of water to tliis canal. The firft fur- 
vey for this line of canal was made in the year I77^* 

Eskr River, {Montrofc). This river is navigable but 
a fliort didance in the tide-way from tlic (rcrman Ocean to 
the town of Montrofc, in Angus county in Scotland. Mon- 
trofe is the 67th Britifli town, with 7,974 inhabitants. 

Eske River, The navigable part of this 

river is but fliort, in a S.W. dirediion in the Ead Riding of 
Yorkfbire: it commences at tbc German Ocean, and extends 
to Whitby bridge. In 176 <5 Mr. yohn Stneaton \v:\s con- 
fultcd about clearing this river and the harbour of Whitby, 
of the fliail or refufe ore, from which alum had been manufac- 
tured, and whereby the harbour had become in time nearly 
choaked up. Whitby is the 75th Britifh town, wdih a popu- 
lation of 7,^ S3 perfons ; within a few years pad, a pier has 
been built with free done, under tiic diredfion of Mr, yoLn 
JRennhi for the improvement of the mouth of tliis harbour. 

Exk Rivfr. The courfe of this river is nearly N.W. for 
about 10 miles in the county of Devon ; its principal oh- 
jcdl feems the fupply of Exeter and Toplham ; near Topf- 
ham it is to be joined by the Grand H^ejiern canal. It 
commences in the Englifli Channel at Exmouth, and ter- 
minates at the city of Exeter, which is the 2 id town in 
Britain, with inhabitants: from Exeter it was in 

1800 propofed to continue the navigation to Crediton ; and 
in 1769, the Exftcr and canal w'as propofed to be 

made from the fame place. 

Exeter and Crediton. In the year 1800 it was propofed 
to make the rivers Exe and Credy navigable, from Exeter 
city to the town of Crediton, about feven miles, above Ex- 
eter qnay on the river Exe. 

ExtiiT and UphiiL In 1769 Mr, yohn Brindley fiirveyed 
the country for a canal from the rivt r Kss at Exeter, by 
Tiverton, Wellington, Taunton, and GUllonbury, to the 
Britifli Channel near Uphill ; theohjedisoi which have been 
lince embraced in the Grand Idijlcrn canal. 

Fergus C.\nal. This ib one of tiie Iiidi inland naviga- 
tions, in aid of which, public money was from time to time 
granted, though in the pi\fcnt indance we arc told that it 
amounted to no more than 85I. 

Forth River, [or Firth). Tliis principal river of 
North Britain has its couile nearly writ for about ;o miles 
between the counties of Fife, Haddington, Edinburgh, Lin- 
lithgow, Stirling, Perth, and Clackmamia:>, the fird 33 
miles being a very wide cdiiary, the next 18 miles are Hill of 
conddcrable width, and the lad ij miles next Stirling are re- 
markably crooked. An immenfc general trade is carried 0:1 
upon this river, and for the fupply of the metropolis of 
Scotland, aflided by the Edinburgh and Glofgo^ canal, that 
]oins it at Leith, the Burronvjlo’wnefs at that town, the 
Forth and Clyde^ or great canal at Grangeraourii, the Caron 
river near Rotlikcnnar, and the Devon river near Cambus 
Quay. Edinburgh (with Leith) is the 3d Britifh town, 
\nth 82,560 inhabitants, Dumferlinc is tbc jad, with 
9,980 perfons, and North Berwick, Crail, Andrutlicr, 
Dyfart, Kirkaldie, Kinghorn, Bruntifland, inverkeithiug, 
Muffelburch, Qiiccn's- Ferry, Burrowdownefs, Linlithgow, 
Falkirk, Culrofs, Clackmannan, Alloa, and Stirling, arc alfo 
conddcrable towns on or near this fine river. It commences 
in the German Ocean, and terminates at Stirling bridge, 
and is navigable for (hips through a great part of its courlc ; 
at Cambus Quay the fpring tides rile 20 feet, but below 
this there arcTands called the Thraflc Shallows, concerning 
the removal of yvhich, Mr. yohn Smeaion was confultcd in 
1767. In 1801, the channel fouth of Inch kcitli ifle was 
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deepened, to enable (hips to approach Leith harbour more 
fafely and readily. Leith harbour has undergone great im- 
provements of late years under the adls of the iS, 38, 39, 
and 45 of Geo. III., by the lad 25,ocol. of the public 
money was granted for the wet-docks and other works 
which have been carrying on there under Mr. yohn Rninlcy 
fince the laying of the fouddations, 14 May 1801. Meihci 
harbour on the north fide of the Forth is alfo under improve- 
ment, and by the 45 of Geo. III., 2,oool. of the public 
money was granted towards the building of the pier there. 
In the year 1767, MclTrs. Wall and Morifon ftirveytd liic 
upper part of the Forth river, and propofed to extend a na- 
vigation from Sterling bridge to the Date and lime quarries 
in Aberfoil, on which the opinion of Mr. y^hn Smeaton was 
alfo taken. 

Forth and Clyde Canal. Adis 8, 13, and 24 of 
Geo. III.— The general diredlion of this great canal is 
nearly wed for 35 miles, in the counties of Stirling, Dum- 
barton, and Lancrk, in Scotland: it erodes a low part of 
the grand-ridge between the tide-ways of the cad and weft 
feas; its principal obje<ft is a communication between 
thofe important rivers, the Forth and the Clyde, and be- 
tween the northern metropolis, and the great manufafturiiig 
towns of Glafgow, Paifley, &c. ; near to Grangemouth 
the Burrovojlownejs canal joins it. Glafgow is the 5th 
Britifh town, with a population of 77,385 perfons, and 
Falkirk the 59th, with 0,838 inhabitants. Kirkintulloch 
and Dumbarton are alfo conlidtrablc places near the line. 
This canal commences at Grangemouth harbour in the 
Forth river, and terminates at Bowlings bay near Dalmiiir- 
Burnfoot, in the Clyde river. There is a cut of 2J miles to 
the town of Glafgow, where it joins the Clyde river, the 
Muttlland canal, and the Edinhm'^h and Glafgow canal ; and 
it was in 180}, propoRd to join the GInJ;inzv and Sakcoats 
ninal ; there is another cut with a Jock into the Caron 
liver at Caron-fhore, near the great Caron iron-works. From 
low-water in the Forth in Grangemouth lock, N’* i, to lock 

20, loj miles, is a rife of 165 feet ; thenee to lock N** 
21, the fummit-lcvel is 16 miles, and thence to low water 
in the Clyde Bowling’s bay lock, 39, is a fall of 156 
feet; the width of the canal is 56 feet at lop, and 27 at 
bottom, and the depth of water 8 feet ; each lock is 75 
feet long, and 20 feet wide in the clear, and vcfTcls of 70 or 
80 tons are ufed. This canal is eroded in 3 3 places by 
draw-bridges, has 33 culverts or arches under it, and jo 
large aquedu6l bridges ; that over the Kelvin is 400 feet ia 
length, and 70 feet high above the furfacc of the river, (fee 
Ji^s. 19, 20, and 21, Canals, Plate II.) and there is a large 
aquedud which erodes the turnpike road from Glafgow to 
Stirling at Kirkintulloch. At Kilmananmuir is a refervoir 
of 70 acres extent, and 22 feet deep at the iluice ; and near 
Kilfyth is another of 50 acres, 24 feet deep for fupplying the 
fummit-level of this canal. In Bowlings-bay, and near the 
Kelvin aquedud, arc dry-docks, and other conveniences for re- 
pairing of vcdels and boats. Mr. yohn Smeaton was firft em- 
ployed to furvey thislincin 1 764, and he laid the prefeut defign, 
and executed a conGderable part ofthceaftern end before 1775, 
when the work ftood dill for fome years, after which, Mr. 
bert Whitworth was called in ; he completed the remainder, and 
it was opened with great folemnity on the 28tb of July 1790* 
The defign of a canal between the Forth and Clyde has been 
at times entertained ever fince the reign of Charles IL, and be 
fides the above engineers, fince the year 1723, Meffrs. Gordon, 
MJaciell, Watt, Brindley, Golborne, Thomas Teaman, have 
been confulted or employed. The canal was firft made to 
commence in the Caron river, about a mile from its mouth, 
but was afterwards continued into tbc Forth at Grange- 
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moutK harbour. The proprietors were authorircd in their 
firft aft to raifc 900 >OQof. in jool# (bares; after which^ 
.^o,oool. of the public money was granted to aid the work ; 
in 1783, 2i2,oooU had been expended> and no dividend or 
interelt had been paid on the (hares. The rate of tonnage 
is 2d« per ton per mile^ on all kinds of goods^ except lime 
and lime-ftone, which is to pay Jd., and, iron and iron-ftone 
id. per ton per mile, while road-materials (except lime >(lone) 
and TTianurcs arc to pafs toll free. For unloading or loading 
of Britifh or Infh veffcls in Grangemouth harbour, id. per 
ton is to be paid, (by 24 Geo. III.) and for foreign vefiela 
2d. per ton. Rafts of lir timber are allowed to be floated 
upon this canal and pafs the locks, thefe often contain 70 
tons each. An accident is related of a vcfTel coming down 
from the weft ward on this canal, when the wind blew ftrong 
from that quarter, and not being ftopped in time at one of 
the locks, (he bore down the gates, and went dov;n fiid- 
dcnly into the pound below. In December 1801, a veffcl 
coTjftrufted by Mr. Symington^ (as already deferibed) was 
tried on this canal for dragging or towing boats, by the 
operation of a fleam-engine ; to the head of this veffcl 
dampers were applied, that could be worked by the engine 
for breaking ice, when the canal is fro7en over. 

Foss-dykb Canal. The general direftion of this navi- 
gation is nearly S.E. for j i miles, in the counties of Lin- 
coln and Nottingham ; it is upon one level, not much ele- 
vated above the fea, though a great diftance from it, and 
prefents the curious inftance of a canal difeharging its vvallc 
water into one river (the IVlthamy) while flood-gates arc nc- 
ceffary at the other end, to keep out the waters of the other 
fiver (the Trent)\ its object is a communication between 
thefe two rivers, for fupplying coals and exporting farm 
produce. Lincoln is the 76th Britifli town, with a popula- 
tion of 7 ptrfons. 'riiis cunalcommcnces in the Treni 
liver at Torkfey, and terminates in Brayford mccr, a natural 
pool in the Witham rivtr, iKur Lincoln. It has a lock at 
'J\>rkfty, conllrufted on the principle of a fea-lock, that is ca- 
pable of penning the water into the canah or out of it, accord- 
ing to the circurnllance whether the 'Trent or it inay be 
the lowed ; between Brayford mcer and I.incolti high^ 
bridge, a hard of gravel or (hallow, caihd Brayford head, 
held up the w'ater in this canal, to about 2} feet deep, 
which uthcrwii’c would, in dry time?, have been cmptitd 
into the Witham, too low for navigation. Mr. Smen- 
ton ard Mr. yohn Grtmdy wcic coniulted in 1709, and i!*c 
former engineer again in 1782, when he recommended 
railing the banks of this canal to obtain a belter depth of 
water, cutting off its conncclioii with tlie Witham by a 
pound-lock, and fupplying it with water by an aqu^\huH or 
leedcr, from a refervoir to be made near the Witham, fouih 
of Brayford mcer. Wc are not acquainted with the date 
when this canal was fn ft dug or made navigable ; Mr. 
rdlifon^s wharf thereon, near its call end, was, it appears, 
boilt about 1742. 

Foss Navigation. Afts ,3 ; and 41 Geo. III. — The 
direftion of the Fofs river, which this navigation follows, is 
nearly N, by a crooked courfe of about ij miles, through 
the Noith Riding 01 Yorkfhirc : \U elevation is not very 
great above the level of the fea ; its objefts are the fupply 
of the city of York, the import of coals for the ufe of the ad- 
jacent country, and to effeft a better drainage of the fame. 
'York is the 23d Britifli town, with 16,145 inhabitants. 
H^his navigation commences in the Onfe river at the city of 
York, and terminates at Stillington mill. It is fed by a 
refervoir on Oulflone moor : it appears that the corporation 
of York Averc by a licence of king II. required to 

creft and maintain proper bridges over this river. This 
company were authorifed to railc 45,400!. the amount of 
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(hares being lool. each. The rates of tonnage will be found 
in Phillips* 4/e, Hjfloryf Atpetidlx^ p. 81 and 82; and in 
the hft aft, by which an aduitional iM, per ton, on heavy 
articles, were impofed, and by which the proprietors were 
authorifed to proceed no higher than Sheriff- Hutton bridge 
with their works, until the ncccffary funds were accumulated 
to proceed with the remainder of their line. Some years 
a pleafure-boat, made wholly of flieetiron, was tried on 
this navigation, 12 feet long, and capable of carrying 15 
perfons, and yet fo light that two men could carry it. 

Glamorganshire Canal. Afts 30 and .36 Geo. III. 
— The general direftion of this canal is nearly N.W. for 
25 miles, in the county of Glamorgan in South Wales. Its 
objefts arc the export of the produce of the immenfc iron, 
coal, and lime works in the neighbourhood of Merthyr 
Tidvil, &c. and the fupply of the rapidly increafing popula- 
tion thereof ; at Eglvvyiila the Aherdare canal joins, and the 
Cardiff and Merthyr railway runs by its fide, and joins it 
at thofe two places. Its northern end is confidcrably ele- 
vated. Cardiff and Caerphilly are confidcrable towns on or 
near the line ; it commences in a fea-bafon, or dock, in the Se* 
verUi at the I.owycr-laycr nearCardiff, and terminates near the 
town of Merthyr; it has branch from MerthyrtoDow- 

lais iron works. From the tide-way at Lower layer to Merthyr 
is a rife of near 6od feet, and during a part of this diftance 
the canal fleirts precipitous mountains at the height of near 
300 feet above the river Tav or Taaff, whicli it clofely 
accompanies through its whole length. The floating 
dock at IjOwcr-laytT is 16 feet deep, in which a great 
number of fliips, of 300 tons burthen, can lie conlTant* 
ly afloat, and load or unload, cither at the fpacious 
warehoulbs on its banks, or from, or to, the boats be- 
longing to this canal, or the trams ufed on the Cartlff and 
Merthyr rail- way, that here commences. Tlicrc is a large 
aqueduft bridge over the Tav near Gallygare. This com* 
pany were authorifed to raife 1 00,0c ol. and to the powers 
for raifing the lall to,oocI. this Angular condition was an- 
nexed, VIZ. that the whole concern fliould be completed 
within two } ears, after which no further monL*y fhould be 
applied, except for repairs. At Merthyr there is a famous 
water-wheel, made of cuft-iron, 50 feet diameter, at Mr. 
Crawfliaw's works ; the water being conveyed thereto for a 
great diftance in an iron aqueduft. 

Glafgow and Saltcoats, In May 1803 line of country 

between the Clyde river at Ardroffan, near Saltcoats, and the 
Clyde river again at Glafgow (paffing Paifley and connefting 
with the Cait river) was firveycd by Mr. John Rennie ; in 
1805, the fubjeft was revived, and met the fupport of the 
earl of Eglingtown and many oliiers, coupled with the dc- 
fign of building a pier on a ledge of rocks near Caftic Craigs, 
and forming wet-docks, &c. to be called Ardroffan harbour, 
for which an application was made to parliament in the fame 
year. At Glafgow this canal would conneft with the 
Forth and ClyeL\ the Mon Handy and the Edinhurgh and Glaf* 
go^v : the line .thereof is through a country rich in coals and 
lime-ftone. 

Glunkenns Canal. Aft 42 Geo. III. — Thedireftion 
of this canal is hr ft N.E. and then N.W, for about 27 
miles, in Glcukcnns, in the county of Kirkcudbright in 
iScotland : it is not very greatly elevated ; the objeft of it 
is the export of the coals, iron-ftone, lime, and other mi* 
ncrals with which the country abounds ; Kirkcudbright and 
New Galloway arc confidcrable towns near the line. It 
commeqces in the tide-way in the Dee river »t Kirkcud- 
bright, and terminates in the boat-pool at Dairy. There is 
provifion made for branches to the neighbouring mines and 
rail-ways, and inclined planes may be ^bilituted, inftead of 
a canal and locks ui any part. The company is authorifed to 
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ralfc 45,ocol. the IKarcs being lool. each, but it is provided, 
that the works arc not to commence until 2o,ocol. is fub- 
feribed, and that wlihin five years, or the powers of the aft 
arc to ceafe ; water may be taken from within 2000 yards of 
the line, except certain ftreams ufed for irrigation. 

Gloucester and Berkley Cakal. A^is 33, 37* 

45 Geo. IIL — The general diredtion of this canal, one of 
the largell in England, is nearly N.E. for 18^ miles, in the 
county of Gloucellcr ; it is but very little elevated above the 
fea ; its objed is to flioi ten the navigation for (hips by a fer- 
pentinc conrfe of 28 miles on the Severn river, between Berk- 
ley and Glouccrtcr ; near Wheatenhurlt it crofTcs and unites 
with StroudwaUr C 7 ix\ 2 \ \ Gloucellcr is the 72d Britifh 
town, with a population of 7,379 perfons ; Berkley is alfo a 
confiderablc place. This canal commences with a fca-lock 
in the Severn river at Btrklty-pill, and terminates in a grand 
and capacious bafen, conneding with the Severn river at 
Gloucefter, it has a Taort branch to a new wharf at Berkley 
town, and another of about 2 miles in length to the Severn 
river at Hock-crib in Arlingham ; the whole is on one level 
with tide-locks at its conneding points with the Severn to 
preferve its water at one conftant height. This canal is 70 feet 
wide, and ij or 18 feet deep in water, and the locks, 3 cc. there- 
on, are capacious enough to admit fliips of 300 tons burthen to 
pafs ! The company are authorifed to raifed 200, cool, in 
lool. (hares. The tonnage varies on different fizcd vcffels, 
and is too long for us to infert, the particulars will be found 
sn Phillips* 4/0. Hijloryy Appendixy p. 83 and 84. Un- 
forefeen difficulties have attended the execution of this wide 
and deep canal, by interfeding a hard rock for great dif- 
tanccs in the level meadows, where no fuch thing was ex- 
eded. Some immcnfcly large flips have happened in the 
anks, and the w'alls of the Glouccflcr bafon flipped in, not- 
witlillandiiig the land-ties which had been provided; the 
upper end of the canal, for fcvcral miles, has been fiiiiihed ; 
in 1797, it was faid that only 6 miles remained to be cut ; 
and wc hope, that the ad of lad feffions will be the means 
of fpeedily completing the whole. Mr Ha/ke<w*^ machine, 
calculated to affift in excavating a canal, w^as here tried in 
1796, as before inent'oned. 

GlQuceJlcrJldre Rail-vjay. In the year 1804 it was pro- 
profed to conilriid a rail- way from the Avon river at Bitton 
below Bath to SoJbury coal-works in Glonccflcrfhire, with 
branches to Pucklechurch, Haul-lane, Coal-pit-heath in 
Wefterleigh, Smith’s tynings, and other collients, in order 
to bring their produce to Bath and Briftol, and for the con- 
fumption of the interior of the country, by means of the 
Kennet and Avon canal. 

Grand Canal, {Irehuul). This canal was commenced, 
we believe, foon after the year 1753, but we have not tlie 
dates of the cariicr ads ; ilnee the union there was one pafT- 
ed, the 43 Geo. HI. The general diredion of this canal 
is nearly well, for 61} milts through Dublin, Kildare, and 
King’s Counties, in Ireland ; it palTcs a low part of the 
grand ridge of Ireland, on the Bog of Allen. Its objeds 
arc the fnpply of Dublin with coal, &c., the varied produce 
of the banks of the Shcnnmy and opening an inland commu- 
nication through the country. It commences in a grand 
bafon in James-ftrcct, Dublin (which conneds with the 
Liffey river and the new Doch), and terminates in the Shnn^ 
non river, at Tarmonbury, near Moy’s Town ; it has colla- 
teral branches to the Boyne river at Edenderry, to the Bar- 
row river at Moneftraven, and alfo at Portarlington ; there 
arc alfo branches to Naallown and to Johnftown. ' This 
canal is, we believe, 3 feet deep, the locks are 80 feet long 
and 16 wide, in the clear, and are built of hewn /lone; it 
has employed the attention of varioiis engineers, among 
whom are mentioned, McflVs. Omes, ValUrjeyy John Traiiy 


William JeJfoby 5 c c. In the year 1770 this canal had pro- 
ceeded from Dublin into the Bog of Allen, when, owing to 
mifmanaecment, it flood ftill for fcvt?ral years, and it was 
not until the beginning of 1 804 that the whole line was fi • 
uifhed and opened. The fums of the public money whicli 
have been granted by the parliaments to aid this work are 
immenfc; between 1753 and.177 1 they amounted to 78,23 1 1. 
It has been propofed to reduce the tolls or tonnage fince 
the opening of this canal. In the beginning of the prefent 
year (1805) it was propofed to continue a branch from this 
canal, near Athy, for 9 miles, to the foot of the Doonane 
Hills, in Queen’s county, and thcncc to tunnel two miles 
into the hill, to drain the rich veins of coal therein, and 
bring out their produce. 

Grand Junction Canal. Ads 33, 34, three of the 
35 » 4i>43, and two of the 43 Geo. III. — The ge- 

neral diredtion of tliis canal is nearly north-well for 90^ miles, 

in the counties of Middlefex, Hertford, Buckingham, Bed- 
ford (a very fmall diftance), and Northampton. It has a 
liiimmit of confiderablc height near Tring, which it paffes 
without a tunnel ; and near its northern end it crofles the 
grand-ridge by a tunnel. Its principal objeds arc, a com- 
munication between the metropolis and the various canals of 
the midland counties, the fupply of coals, deals, date, 5:c. to 
the fcvcral tow ns on the lineand branches, and theexport of the 
agricultural produds, lime, flints, &c. of the country through 
which it pafles ; at Northampton it joins the Nen river by a 
railway branch, and the flimc is intended there alfo to 
join the hncejlerjhire and Northamptonjhire Union canal. 
London, as is well known, is the firft town in Britain for 
population, with 804,843 inhabitants, and Northampton is 
the 83th, with 7.C20 perions ; Bientford, Uxbridge, Rick- 
niaiifworth, Watford, 8t. Albans, Hemel-llempltcad, Berk- 
hamplltad, Tring, Wendover, Aylt/bury, Lcighton-Buzard, 
Fcnny-Straiford, Ncwport-Pagncl, Sioncy-Stratford, Buck- 
ingham, Towceller, and Daventry, are alfo confiderablc towns 
on or near this canal or its branches. The commencement of 
this canal is in the river Thames^ near the extremity of the tide- 
way at Brentford creek, aiid its termination in the Oxford 
canal at Brannilon. Fiom Bull bridge a branch, 13^ miles 
in length, goes lo Paddington, one of the environs ot Lon- 
don ; to the town of Rickrnanfwuith, there is a cut of about 
I of a mile, with a lock at its entrance ; from Bulbourn head 
a branch extends for miles to Wendover; from Cofgrovc a 
biai.ch of li mile extends to Sioney or Old Stratford, and 
thence nnks fiirtlierto Buckingham; and fromOayton a 
railway bra!.chof5 miles extends to the river A’e//, and the in- 
tended tc» ;ninr t!c;u of the I .e}crjl(rjhirc and NGrihiuiij>tGriJhire 
Union canalai Noi t hampton. To Wuiford a branch of 2 miles, 
and tliciice about 8 miles farther to St. Albans, has been 
ftireeycd and provided for in the adts ; anotlier to Aylc/bury 
0/ ah', ut 6 mile''*, and anotlitr to Daventry of mile in 
kugtii, but ilitTe lall are not executed. From the Thamts 
at ihentferd to Two-waters is 28^ miles, with 268 feet rife ; 
thence to Cowro.ill is miles, with a rife of 127 feet 4 
thcT.ee to the VVendovtT branch is 3J miles, of the highclt 
fummit-lcvcl ; thcncc to the crofling of the Oufc river, be- 
tween Wolverton and Cnfgrove, is 25 miles, with a fall of 
192 Let (tills being the iowctl place); thcncc to Stoke 
Bruern is miles, with a rife of 1 12 feet ; thence (througU 
the Blifworth tunnel) to the fouth end of Whitton parilh, 

I miles, is level ; thence to Whitton mill, in Long Buck- 
by, Jih of a n :h;, is a rife of 60 feet ; thence along the fum- 
mlt-levcl, and through Braunflon tunnel to its north end, 
4^- miles, is level ; and thcncc to the Oxford canal at Braun- 
flon, near i mile, is a fall of 37 tcet. The Padding- 
ton branch is level (at about ro feet above the Thamesy 
and 48} fc’ct above the Stiaud-pavcmcjit at Exeter- 
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change). The Wcndovcr branch is level, and connecls 
with the Bulbornc or Tring fummit pound ; the Bucking- 
liam branch has a rife of 1^5 feet ; the Northampton branch 
has a fall of 120 feet, and the cut to Daventry is to have a 
rife of 60 feet. The width of the main line is 36 feet at 
top, about 24 feet at bottom, and 4? feet deep in water: 
the Wcridover branch is 28 feet wide at top, 18 at bottom, 
and 4^ feet deep ; and the Buckingham branch is only 20 
feet wide at top, 10 at bottom, and 4^ feet deep in the ge- 
neral. The Northampton ratl-wav, which is now (OAober 
l8oj) nearly or quite finilhed and ready for opening, is of 
iron, and double, that is, has two roads for the carnages 
going different ways. The locks on the line arc 86 fett long, 
15 feet wide in the clear, and rife about 7 feet each on the 
average, requiring about 9030 cubic feet, or 2 50 tons of 
water to BU them each time that a barge pafles. On the 
line there are 10 1 locks, bcfides the 9 fpare ones in Wol- 
verton-valley ; on the Buckingham branch tlure are 2 locks. 
Two kinds of vcHels arc in life upon tliis canal, barges with 
fquare heads and (lerns, and flat bottoms, that carry 60 tons, 
and boats with (harp ends, or neaily fo, of half the width, 
that carry 25 tons. At White -friars, juft above Black- 
friars-bridge, on the Thames^ this company built extenfive 
warehoufesr over a dock, in which barges lay afloat from 
one tide to the next ; thefe are now let to Mr. PickforJ^ 
the great waggon and boat-mafter. At Paddington a fpa- 
cious bafon or ftraight cut, 400 yards long and ;^o wide, has 
been formed with wharfs at its licad, and others arc daily 
extendisjg w^ertward along its Tides; behind this, on the 
north fide, is a fpacious yind for a vegetable and a hay awd 
ftraw market, with immeiife flicds, under which loads of 
tliofc articles can iland in the dry when it rains; and on the 
fouth fide pens are ercf^cd and provifioii made for a large 
cattle market. The number of whaifs crefted on this 
extenfive lint* and its branches by individuals are tt>o great 
fonts to attempt to particubui/e them. Tl'“ number of cul- 
\crtsor fmallv\ ater-coui fesuMclerthccanal and ilsbranclits are 
very gieat. And on the tov^ing pHth there arc a number 
of large and high wooden bridges for crofting the entraiicts 
to branches, docks, or over ftreains of water; for feme 
diftance* from Paddington provilion is made under the 
bridges for a towing pith vu each fide of the canal. The 
tunnel betw’cen Sioke-Biuern and Blifworth (already deferib- 
ed). is 30S0 yards in kngth, 15 feet wide, and 19 leet high, 
at 60 feet below the top of Blifw'orth hill, through which it 
penetrates. Biaunfton tmiuel, bawceu that place and Davea- 
try, is 204. i) yauk in length ; another tunnel wab at firft intend- 
cd near Kuig’s-I.angley for avoiding Caftnobury, and other 
parks in the Colne valley ; but an agreement was afterwards 
come to w'ith their owners for a pafiage through them, inftead 
of tunnelling. Between Cow-roali and Bulboiniie there is an 
immenfe de^p eutting for pafTing the great range of chalk- 
hills near Tung; this extends tor 3 miles, and is 30 feet 
deep in the higheft pan ; near Uawlcy there is a great 
length of deep-cutting through the immenfe bed of gravel 
at that place ; at the ends of the Blifworth tunnel, and at 
fevcral other places there arc alfo decp-cultings. Between 
Wolverton and Cofgrovc a ftiipendous embankment, with 
three aquedutt arches under the fame, has been conllrudtcd, 
fince the locks were made for croffing the Oufe river, as 
above mentioi cJ, over which the canal has, lince Augull 
1805, been conduaed, aud by which’ 4 locks on the iouth 
fide of the valley, and 5 locks on its north fide, arc avoided, 
except a lock of ib inches rife, near the north end of the 
embankment, by Avliich 12 miles in length of level pound w 
held up (on the line and Buckingham branch), and Icpamtcd 
from 10 miles of level pound fouth thereof, to beyond 
Tenny-Stratford town, (where another lock of only 
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inches rife occurs, to hold up a pound of fomc miles to 
length that was intended, but for a miftakc in the levelling, 
to have been in one pound); this embankment is i a mile 
long, and feet high, where it croftes the Oufe. At 
Weedoii-Beck, and at Bugbrook, there arc alfo moft ftu- 
pendous embankineiits, and river and road aquedii£f -arches, 
and many leffcr embankments and aqueduft bridges occiir 
on the line and branches ; thofe over ihc Brent river, and 
over Bays- water on the Paddington branch arc* confiderable. 
On Harefteld Moor there is a very wide and large piece of 
water on the canal: otheis at Great Bcrkharrpftcad, at 
Halton park, and two other places on the Wej*dover branch. 
Five confiderable refervoirs nave been conftniiled for pre- 
ferving water for tlr’s canal, or the niillb, whofc ftreams have 
been divu ted for its nfe; that at Aldenluim covers acres, 
at Willftone is one of 40 acres, and thofe nt Wt fton-Turville, 
Bi-aunfton, and Daventry, are alfo of veiy coiirnK-rable di- 
menfions. The principal feeder for the fomlicrn fummit is 
at Wendover, aud thcie are others at Litile ’’J’liug, Tring^ 
and Mifvvcil (the laft l)^‘iug aichcd over for ^ of a mile). 
The middle and lower pan of the line in fiipplicd by a jeeder 
at Soulbiiry, and the northern fummit is bipplicd by a fee- 
der from Watford, near Daventry ; befiJes w'hich, that fum- 
mit has had its banks raifed to accumuhite an extra dcptli of 
water in wet times, and a ftcaiii etigiuc has ucciitl) been 
ere^led for pumping up the water out of the level of the 
Oxford canal to th.al rumniit, t'l’it is let down thciefrom by 
the lockage. At Litilc 'Tring an engine was, in June 1803, 
created for pumping the water colleii^lrd iu VVillllouc refer- 
voir into the Wendover biatichof the foutlurn fumniit-hvel ; 
and at Nad) mill, fome diftance below 'I’wo-wHtcrs, in the 
Colne valley, an engine is now crei^ling to return the lockage 
water of 4 luck {» ihdt arc th-rc placed near to each other. 
On the fouth and north fides of the ^J’liug lurnmit, ftvcral 
pairs of fide jwndb have betn lately added to tlu h^cks, for 
laving part of ihtir coiifumption of water. Where the 
Towceller river (the* ’Tove) is cToffcd and joined there are very 
conlidcrablc vein; or tuinbliwg-bays, and others on the old 
courfc, in the ^Volverlon valley; and, between Great Berk- 
hamftead aud Ifxbridge, ihcfc are coniiTuially occurring, ow- 
ing to the canal having unfortunately been condiidlcd into and 
through almoft every mill-dam in that diftance: overfalls 
of Icfs fize are alfo very common on every part of the line, 
fo art ttop-gales, trunks, and every other neciffary append- 
age aud cointnicncc to a navigable canal. Mr. William 
JeJfop was the engineer to this extcnfive concern ; Mr. 
James Batnes and Mr. ffohn Holland were employed iu 
executing different paits of the works, on which Mr. 
Thomas Telford was lately employed to report his opinion ; 
fince 180J Mr. Benjamin Bevan has. been employed in repair- 
ing the Kaky parts, conilrufting fide-ponds, &c. in the 
middle difttid of this canal. The works on this canal 
commenced at both of its extremities, fooii after the pafiing of 
the firft ad ; and the tunnel at Braunfton being completed, 
the navigation was opened, in July 1 796, as far fouthw'ard 
from the Oxford canal, as the great eiitbankment at Wetdon 
Beck ; in June 1 797, the fame was extended to the next great 
embankment at Bugbrook ; and about November in the 
fame year, to the north end of the intended tunnel at 
Blifworth. Beginning at the fouthern end in the Thames^ 
the navigation to Two-waters was completed in June 1798, 
aud iu June jSoi the branch therefrom to Paddington was 
opened ; in the year 1 799, the canal was completed to 
Bulboumc, and the branch therefK>m to Wendover; in 
June idoo, it was extended to Fenny-Stralford ; and about 
Odober 1800 to the fouth end of the intended tunnel at 
Biiiworth ; at the fame time a double iron railway of near 
34 miles iu length (fince removed) was laid acrofs Blifworth 



368 


CANAL 


Hilli to conneA the two fjarts of the canali and form 
the much wilhed for grand junftion ; in May iSofi the 
branch to Buckingham was opened ; it was not until March 
i8oj that the Blifworth tunnel was completed, and the 
navigation of the whole line opened ; and, fadly, in Augult 
1805, the immenfe Wolverton embankment was opened for 
improving the fame, and avoiding 8 locks, but which locks 
ftill remain by its fide, as a referve, in cafe of accident, to 
this immenfe mound of earth, or the three large arches un- 
der it. This company were authorifed by their firft nine 
afts to raife 1,528,000!. to which their firft a6lof laft fef- 
fion made a confidcrable addition ; and it is feared that 
the expenditure will altogether exceed two millions fter- 
ling ! The ftiares arc of lool. value each, which have at 
feme periods of the bufinefs fold as high as 210I., and at 
others have been down at 65I. I Shares in this concern are 
allowed to he fplit into fuch fmall portions among different 
holders, as |th or 12JI. each. On the original (hares no 
dividend or mtereft has yet been received, but now as the 
tolls amount to full 7,000!. per month, it is hoped a dividend 
will begin to he made. Inland coals from the rich and in* 
exhauftiblc mines with which this and other canals 
form dircA communications, were forbid under fcvcrc pe- 
nalties (although two legifiativc attempts to enforce the 
fame proved inefficient) to be brought nearer to London 
than the N.W. end of Grove park m Hertford fiii re, until 
the laft aft of the late ftffion mentioned above, by which 
rojooo tons of fuch coals arc allowed to be brought to Pad 
iiington in the current year, on paying a duty equivalent to 
that paid in the Thames on fca-brought coals. The market at 
Paddington, after an inefft£lual and moll extraordinary op- 
pofition from the city of London, was opened in May 
1802, for the falc of fat cattle, hay, ftraw, corn, vegeta- 
bles, See. By the aft 41 Geo. III., this company was 
authorifed to lay pipes in certain ftreets in Paddington, Ma- 
ry.lc-bone, &c. for fnpplying the inhabitants with water ; 
but at that tune, certain millers, vhofe dams the line had 
been made to pafs through, wtre not confultcd. In June 
1 80 1, packet-boats were clb.hlifhed, that continue to pafs 
regularly at ftated hours during moll of the year, for tlie 
conveyance of paffengers and parcels between London and 
Uxbridge; and for fome time after the opening of the 
Buckingham branch, a boat went regularly between Pad- 
dington and that town ; but the number of paffengers and 
yiarcils were found inadequate to fupport the cx pence of 
fuch an ellablifhment. Trading boats are not allowed to 
pzCs along upon this canal except in the day time, unlefs 
fuch as have a fpecial licence from the company for fuch 
p jrpofe. Mr. Pklfcrd has a great number of boats, which 
proceed as rtgularly day and nigiit upon this canal, and the 
o‘hcr canals north of it, as the mail-coaches do on the roads, 
although with Icfs expedition. A common trading boat 
has been known to arrive at Paddington in 6j hours from 
Coventry. In December 1799, the experiment was firft 
tried, of bringing fat Oxen to London in boats by means of 
this canal. The rates of ionnas^ on this canal were at firft 
very low, as will be feen in Phillips^ 4to. Hi/iory^ Appendix^ 
p. 91. Additional tolls were provided in the 43d of 
Geo, HI. for paffing the Blifworth tunnel and Woolvcrton 
embankment; and by the firlt aft of the -laft feffioiis 
(45 Geo. III.), the rates on the whole line and branches 
were varied, and incrcafcd for (hort diftances. The aft of 
the 33d provided certain rates, which are to be paid to the 
Oxford company (See PhillipP Appendix^ P* 93 *) fo** 
ualfing thereon to or from this canal, and this compaiw is 
bound (fince the beginning of 1804), fame 

to the amount of io,oooL per annum. This company is 


alfo bound to pay annually to the city of London the f im 
of 600I, for the liberty of making a junftion with the Thames; 
and all goods paffing into or out of the fame on this canal 
are to pay jd. per ton, to be applied towaids improving 
the middle navigation of the Thames river. The intended 
cut to Arltfbury was, on account of the fcarcity of water 
at Marfworth, where it was to join the line, changed for a 
rail-way, and in the year 1803, the fame was begun ; the 
iron rails were aftually purchafed, and brought to the fpot, 
but, alas! in one of thofc reverfes of favour to which borough 
towns arc ever liable, the w'ork w’as ftopped, the rails were 
ordered to be fold, and years may now perhaps clapfe before 
Aylcffiiiry is permitted to enjoy the advantage of a canal cr 
rail-way communication. About the year 1793, an exten- 
fion of the Rickman fworth branch of this canal was propofed 
to the town of Chefham. In 1793, and again in 1802, it 
was propofed to extend a branch from near Slapton to the 
foot of Puddle-hill between Dunllahle and Hockliff ; one 
objeft of which w'as the export of the valuable white free- 
ftonc from the quarries at Tottenhoe ; this objeft may, how- 
ever, it is prefumed, be obtained without fuch cut; and 
ftone of equal quality be got in fevtral places on the fummit 
branch. In the year j8o2, the country w'cftward of Ux- 
bridge was furveyed by Mr. John Holland^ with the inten- 
tion of extending a branch of this canal from below Cowdey 
lock, (continuing the level of the Paddington water) to the 
Thames Hajlcford in Great Marlow parifii ; it was alfo 
propofed, after croffing and uniting with the Thmnes at this 
place, to extend tins branch, by a rife of three Jocks, to a 
fide cut of the Kinnet rivtr at St. Giles’s in Rending, wdth 
a branch therefiom to the 'Thames at Sunning : the ohjcfta 
of this branch were, a more direft c ^mmunication with the 
Briftol channel, by means of the Kennd and Avon canal, the 
fupply of the country bordering on this canal and its 
branches with peat manure from near Reading, the better 
fupply of, and communication wich London, by means of 
a canal without a lock, between tlie ’i'hamcs al Great- 
Marlow, and Paddington, the gaining from the that 

fupply of w.uer, which had been deimd from the Colne for 
the intended waur-woiks, and the lucka^^e <-f the Tendsin 
canal ; which was, in 1802, propofed to cwteiid from the 
hafon of this canal at Paddington tv) the I^ondon Dorhs$ 
and thereby to co.T.municate w-ith the ’Thames ; after which a- 
rniJnvuy was, in the fame year, propofed to extend from 
Paddington over nearly the fame ground, ll was before 
1773 that a canal was iirft propofed Iro.m P.idumglon to Ux- 
bridge, nearly in the route of the line now aceomplKhcd ; 
and in 1773, Mr. James Sharp propofed an extenfion of this 
to the Keunit rivtr. In June 1803, a fnrvey vas taken for 
extending the intended Aylefbury branch bv Tame to the 
Thames end Jfts navigation, and Wills and Berks canal rear 
Abingdon. And in the fame year, the Leicejl. r/ldre and Not ih- 
amptonjblre U«/o/j canal was propofed to be joined to the line 
of this canal at Lorg-Buckhy wharf near Daventry, inftcad 
of joining its Northampton branch at that town. 

6kani> Surrv canal. Aft 41 Geo. III. — The general di- 
reftionof this canal is nearly S.W. for about 12 miles, by a 
crooked courfe in the county of Surry, and through a fmall 
part of Kent. It is not greatly elevated in any part : its objefts 
are the fupply of the neighbourhood through which it pafTcs 
with coals, deals, manures, &c. the bringing of vegetables, and 
other articles for the fupply of London ; forming a communi- 
cation between three points of the Thames river, and with tKc 
CrojY/sffcanal, which It joins near Deptford. It commences in 
the river Thames at Wilkinfon’s gun- wharf in Rotherhithe, 
and is to terminate at the tow n of Mitcham ; near Walworth 
a branch of about of a mile goes off.to join the Thames at 
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Vatixliall creek by Cumberland gardens. There is to be a 
cut of near mile to Horfemonger lane ; anoihcr of J a 
mile to Peckham ; ancither of one mile to lint-lane Dept- 
ford ; another of ^ of a mile to hi« i\iajtn.y'B viftuulling 
ofTiCC and the dock-yard at Deptford, and another of ^ of 
a mile into Grecenl and dock, by which it will again com- 
municate with the Thames river. 

From the river Thames to ilic jun6lion of the Croydnu ca- 
nal the dillance is 2 miles, and nearly level witli high water 
in the tide-way of the Thames^ at which height the water is 
to be held up by tide or entrance locks ; thence to tlie Vanxhall 
brancli at Kenuington common it is 3 miles I'lul level ; 
thence to Brixton-caufeway, \ } mile, it has a corihdcrablc 
rife ; thence to the propofed Kingllnii branch, 4^ miles, it is 
level; and thence to Mitcham town it is J of a mile : the 
Vaiixhall, Horfemonger lanc, Peckham, Biit-lane, King’s 
yard, and Grcenland-dock blanches, are all level. This 
cnnal is calculated for wide or river boats : near tlie com^ 
mcncement, at Wilkiufon’s wharf, a large bafoii is dcfigned, 
and a fmallcr one at But lane near the Greenwich road : 
acrofs RuOicy -green to Brixton-caufeway an inclined plane 
is intended. Mr. Ralph Dodd was, we are told, the con- 
triver of this canal, and under his diro^lions the works were 
begun, and confiderablc progrefs made b. tween Rothcihithe 
and thcPccklinm branch; but for more than two years pall, 
little further pix)grcf8 appears to have been made. I’he 
company were authorifed toraife 6o,oool. in lool. (hares. The 
tonnage on this canal varies from 2d. to 6d. per ton per mile 
on different kinds of goods. The company are to pay a rent 
of 60I. per annum to the city of London for communicating 
with the Thames river. Collateral cuts to the extent of 
1 (joo yards may be made by confent of the land owners. 
In 1800, it was intended to extend this canal 6 \ miles fur- 
ther to the Thames river on the fouth fide of the town of 
ICingfton, which was to pafs the Surry iron raihnvay at 
Merton abbey, by an aqueduA bridge ii feet high in the 
clear, and tlie Waudle river by another 15 feet nbove its 
fuifacc; from Norbiton common this was intended to branch 
again to the town of Epfom, 5^ milts, and from Mitcham 
the canal was there alfo propofed to be extended to tlie 
town of Croydon. In the fame year there wa&aMb a pro- 
pofal for extending the intended Kingllon branch to the 
iVey river (near the commencement of the Baftngjiohe canal), 
a$ part of one of the lines between Portfmouth 4fir/ London. 
The 6V©yr/o/i canal company are to have a dockor baibn for their 
boats by the fide of this canal near the Thames at Rotherhithe ; 
which, with the entrance lock and bafon of this canal, are now 
excavating, and feein on a fcale calculated for fmall (hips. 

GtiAND Western Canal. Afl 3'^ Geo. III.— The 
general dircdlion of this canal is neaily N.E. for about 35 
miles, in the counties of Devon and Soinerfct : itcroffts the 
fouth-wedern branch of the grand-ridge ; its objedls being 
a coime£lion between the fontlurn coad and the Briftol 
channel, the fiipply of the country with coals, deals, &c. 
and the export of farming produce. Exeter is the 2 ill 
Britilh town, with a population of 17,39s perfons 5 Wil- 
lington is the 73d, with 7,5^1 perfonu ; Tiverton the p.ith, 
with 6, 'joy perfons, and Taunton, the ic6th, with 5,794 
perfons ; Topftiam, Bradninch, and Cullumpton, arc alfo 
confiderablc towns near ibis line ; which commences in the 
tide-way of the river Exe at the town of Topfliara, and ter- 
minates in the Tone river at Taunton bridge ; it has a cut of 
about feven miles to Tiverton, and other (bon ones to Cul- 
lumton and Wallington. It is provided, that the brick 
bridges (hall not have a rife of more than zh inches in a yard 
on the afeent of the road over them. Two icfcrvoirs arc to 
be made in the valley of the Culm river, and two in the 


river Tone valley. Springs within 2000 yards of the line 
may be taken, and ciiis to any place within five miles may 
be made by confciit of the land owners. The company arc 
autboriicd to raife 330,000!., the amount of fiiares being 
lool, cacli. We have not been able to karn that any pro- 
grefflis ycL made in the cutting of this canal, although one 
through this line of country has been fo long defired, 
as appears by Mr. Brindley*^ furvey for the Exeter and Up^ 
hill canal, that was propofed in the year 1769. 

Grantham Canal. Adis 33 and 39 of Geo. Ill,— 
The general dircdlion of this canal is nearly caft , by a crooked 
courle of 33 J miles, in tlie counties of Nottingham, I.,ei. 
cefter, and Lincoln : its callern end is rather elevated. Its 
objedls arc the fiipply of Grantham and the ntighbourliood 
thri)Ugh its courfe with coals, lime, deals, kc. and the ex- 
port of farming prodiidls. Nottingham is the 17th Britifli 
town, with 28,861 inhabitants ; and Grantham the 85th, 
with 7,014. perfons; Biimingham is alfo a confidcTuble 
town. This canal commences in the Trent river, near 
Holme-picrpoint, (almoil oppolitc the Notiinj^ham canal, to 
the Trent canal, and to the town of Nottingham,) and ter- 
minates at liic town of C^rantham ; there ia n branch of 
three miles in length to the town of Biiigliam. From 
the Trent river to Cropwclkbiniop, 6A miles, is a rife of 
8i ftct ; thence to Stainwith-clofes, 20 miles, is level; 
thence to Woolfthorpc point, mile, is a rife of 38^ 
feet ; and tlience to Grantham, five miles, is level : the cut 
to Bingham is level. This canal, which is through a clayey 
didridf, is wholly fupplied by refervoirs, of which, one at 
Denton is 20 acres, and nine feet deep, for fupplying the 
head-level ; and that at Knipton for receiving the flood 
waters of the Devon river, was 60 acres, and nine feet deep, 
and in iSo.;, the bank or head of this laft was raifed four feet 
higher. The compnny were aulliorifcd to raife 124,000!., 
the old (liares being tool, value each, and the new (hares 
(20D in number) 120I. each. The tonnage on all goods 
pafling to or from this canal and the Trent river is to be 
2^d. per ton, and j|d. per ton per mile for navigating on 
this canal : manures and road materials to pafs toll free, ex- 
cept lime-ftone, which is to pay |d. per ton per mile. The 
Newark and Boltesford canal was at tliis time (1793) in con- 
templation to Join this near Stainwiih ; and the tolls for 
entrance therefrom, or on goods pafling into that intended 
canal, were fettled in the firfl a6I above. The profits to the 
proprietors of this canal arc limited to a dividend of 8 per 
cent, per annum, and after 3,oool8. are colleAed and depo- 
fited as a fund, the above tolls are to be lowered, as much at 
circum (lances will admit. The Trent river proprietors are 
to take certain tolls on goods pafling into or out of this 
canal to the Nottingham cunal, in confcqiicncc of their deep- 
ening the river near the entrances to thefe canals ; and goods 
pafling from this canal on the Trent are not to be liable to 
their new rates of 34 Geo. III. unlefs they pafs on the 
Trent canal, to be made under that a£i above Nottingham. 

Gresley’s Canal. A6l 15 Geo. III. — The direc- 
tion of tliis canal is about N.W., and level, in the county of 
Stafford : it is fituatc very near to the grand -ridge on its 
callern fide. Its objtdls arc the (upply of the town of New- 
callle under-line with coals from Apdale collieries, and the 
export of coals from the mines to the weft of it, by means 
of the Newea^U tmder-line Juntlhn canal, which now joins 
it at each of its ends. This canal was conftrudlcd at the 
folc expence of fir Nigel GriJUy^ bart., who was bound by 
the ad, for 21 years after 1775, to fupply the inhabi- 
tants of Newcaftlc with coals at Cs. 6d. per ton of 
2,4oolb. or j^d. by the Angle cwt. (of i2olb«); and during 
the following term of 21 years, thtir price was not to ex- 
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cccd 6 $. per great ton. In i/p^, the Commerctal canal 
was prop )fed to councA w’ilji this canal at each end, 
as the Nenvcqfile wider -line Jm&ion afterwards did in 
179S. 

Grimsby Canal. Aft 36 Geo. III.— This canal has 
a S.W. direftion for mile, in Lincolnfhire : it is one of 
the largclt cuts in England, and calculated to admit (hips of 
700 to TOGO tons burthen. It commences in the tide-way 
in the Humber river near its mouth, and terminates in the 
fpacious wct-dock in Grimfby harbour. The lock to this 
canal is 126 feet long, 36 feet wide, and the walls are 27 feet 
high ; the coll of it, we arc told, was 14,000!. befitks the 
piuiig for the foundation, although bricks were delivered 
there at 183. 6d. per thoufand, and (lone at 8d. per cubic 
foot. The depth of water in this canal is 20 feet : it w'as 
conilrufted under the direftion of that able engineer Mr. 
John Rennie* In the year 1804, three acres more furface 
was excavated in addition to Grimfby wet-decks, and the 
fame was re-opened, after a temporary interruption, on 
the 24th of July. 

Hamoaze River. This river, or rather eftuary, has nearly 
a north courfe for about nine miles, between the counties of 
Cornwall and Devon on their fouthem coaft : it is frequented 
by the larged (hips of the royal navy. Plymouth is the 
9th Briti(h town, with a population of 45>i94 perfons; 
Plympton-Earle and Saltafh arc alfo conlidcrablc towns near 
this cduary, which commences in Plymouth found near 
Cawfand bay, and terminates in the river Tamar ^ near St. 
Mellion. Near Warley the Tavy river falls into it ; and 
Cat*water, Sutton-pool, and Stonc-houfe creek, are branches 
from this eftuary. In 1767, Mr, John Sinealon was con- 
fulted about a new bridge and cau(eway over Stonc-houfc 
creek. In 1801, it was in contemplation to build a pier 
from Pinlec point for the better fecurity of (liips lying in 
Cawfand bay from the E.S. E. winds. By an aft of 45 of 
Geo. III. 4,oool. of the public money was voted towards 
cleaniing and deepening Cat-water and Sutton.pool ; and it 
is now in contemplation to conftruft a floating-dock in 
Sutton-pool capable of holding 100 merchants’ (hips always 
afloat. 

Hampton Gay and IJleworth Canal, In the year 1792, a 
canal was propofed, to take a courfc nearly N.W. far about 
60 miles, in the counties of Middlefex, Buckingham, and 
Oxford ; commencing in the Thames river at Ifleworth, and 
terminating in the Oxford canal at Hampton-Gay. It was 
intended to cfFeft that iunftion between the metropolis and 
the midland canals, which the Grand-JunSlon now accom- 
plifhes : it was to pafs the chalk hills by a tunnel at Wen- 
do ver, and to have a cut of three miles to Ayle(bury. 

Hartlepool Canal. This is only a very (hort cut of 
300 yards in length, on the coaft of Durham, from the fca 
into Hartlepool harbour: it was cut in the year 1764, at 
the expence of fir John H. DuvaU through a folid rock, 
to the great depth of 19 feet. In 1796, Mr. Ralph 
Dodd propofed, we are told, fome improvements of this 
harbour. 

Haslingdbn Canal. Aft 33 of Geo. III. — The ge- 
neral direftion of this canal is nearly north for 1 3 miles, in 
the county of Lancafter; it is confiderably elevated, crofting 
the Haftingden and Liverpool branch of the grand-ridge* 
Its objefts are the export of the rich ftores or coal, lime- 
ftonc, &:C4 on its courfe, and a communication between 
Mancheftcr and the L^eds and Liverpool canal. Bury is the 
84th Britifh town, with a population of 7,072 perfons; 
Haftingden is alfo a confiderable town. It commences in 
the MancUfer Boulton and Bury canal at Bury, and ter* 
minates in the Leeds and Liverpool canal at Church. No 


locks arc to be built on this line, except by confent of 
three-fourths of all the millers who occupy the dreams of 
water ; it is intended to creft inclined planes. The com- 
pany are authorifed to raife 87,600!. ; the amount of a (hare 
is lool. The tonnage upon all kinds of goods which do 
not pafs a lock or inclined plane, i |d. per ton per mile ; 
coals, or other mineral produfts, arc to pay 2d., and tim- 
ber, goods, wares. See, 3d. per ton per mile, if they pafs 
any lock or plane. Road materials (except for turnpike 
roads), and all manures, except lime, arc to pafs free on the 
levels, and throi^h the locks when water runs w’afte over 
their vreirs. Paftage-boats arc to be fpecially licenfcd by 
the company inftcad of paying tonnage. No wharfage is to 
be charged at the public whiirfs, unlcfs on goods remain- 
ing there above three weeks. We do not iinderftand that 
much progrefs is made towards the completion of this 
canal. 

Headon and Paul Canal, It is now (tSoJ) in contempla- 
tion to form a canal from the Humber river at Paul to the 
town of Headon in Holdtrncfs, about three miles in the 
tail riding of Yorkfhire : its objects are the fupply of Headon 
with coals and other articles, and the export of agricultural 
produfts. 

Hereford and Gloucester Canal. Aft8 3i and 33 
of Geo. HI. — The general diicCtion of this canal is nearly 
N.W. for 35 A miles, in the counties of Glouceftcr and He- 
reford ; the middle part of this canal is confiderably elevated. 
Its objeft is the export of codls from the neighbourhood 
of Newent, and of the cyder and agricultural produfts of 
the country. Gloucetter is the yzd Britilh town, with a 
population of 7,379 perfons; and Hereford, the 89th, with. 
6,828 inhabitants. Newent and Ledbury arc alfo considera- 
ble towns on this line. It commences in the tide-way of 
the Severn river atGloucefter, erodes Alncy llle, and another 
branch of x\\e Severn toIja(rington,and terminates ntzr the Wyc 
river at Byftcrs-gate in Hereford ; it has a (hort cut to Newent. 
From the •yevrrn to Ledbury the diftance is 1 8 miles, with a rife 
of 195^ feet; thence toMonkhide isSi miles ontherummit« 
level ; thence to Withington marfh it is three miles, with a 
fall of 30 feet ; and thence to Hereford, fix miles, it is level. 
Newent cut is level. On this line are three confiderable 
tunnels, that at Oxcnhal is 2192 yards in length ; at Can- 
non-Fromc is one of 1320 yards ; and near Hereford, ano- 
ther of 440 yards in length. Mr. Jofeph Clowes is the en- 
gineer ; in July 1796, this canal was fini(hcd, from the 
Severn to Newent, and in March 1798, the Oxenhall tun- 
nel was (ini(hed, and the navigation extended to Ledbury, 
and coals were in confequcncc reduced in price at that town 
from 248. to 13s. 6d. per ton! Tie company were au- 
thorifed to raife 53,000!. The prices of work in 1 794, on 
this canal, 4d. per cubic yard for ftages of 20 to 25 yards 
of wheeling : wheel -barrows were not nfed for moving ftufF 
to greater diftances than 100 yards ; puddling coft 6d. per 
cubic yard. The rates of tonnage are for coals 2d. per ton 
per mile ; for manures, bricks, and rubble ftone, lime or 
clay, id. per ton per mile ; coin, meal, hewn ftone, hops, 
wool, and other goods, 3d. : there arc alfo particular ratet 
for certain parts of the canal. The cut aa'ofs Alncy Ifte, 
owing to the tide of the Severn^ entering it from each end# 
and dropping its fediment in the middle, is very liable to 
choak with mud. Springs or dreams of water within 
3,000 yards of the line may be taken for the ufe of this 
canal. 

Hereford and Lydlrook. In 1802, it was propofed to 
conftruft a rail- way from the IVye river near the bridge in 
Hereford to join the fame livir again oppofite to Lyd- 
brook. 
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IHbyl River^ (or HuU^) 'i’lic courfc of this river or 
rather eftuary is nearly fouth for two miles, in the county 
of Cornwall, on its north-caftem coad ; it commences in St* 
Jves bay, and terminates at the town of St, Erth : it is na- 
vigable only for fmall vcffels, being almoft choaked at the 
entrance of the bay. In 1766, Mr. yohn Smeaton was con- 
Ailtcd on the building of a north^aft pier at the entrance of 
St. Ives bay ; the fpring. tides here rife 26 feet. 

Horncastle Navication. Ads .3 2 and 40 of Geo. III. 
— The general diredion of this navij^ation is nearly N.E. for 
about X T miles, in the county of Lincoln ; it is not much 
elevated above the fea ; its objeds arc the fupply of Hom- 
caftle and its neighbourhood with coaU, deals, &c. and the 
export of agricultural prod uds. Horncadleand Tattcrdiall 
arc confiderable towns on this line. It commences in the 
old Wltham river near Tatterfhall, and occupies the fitc of 
Dyfon's and Gibfoii’s former cut to Tatterfhall, pafling that 
town to Horncadle by the courfc of the Bain river. The 
company were authonfed to raife 45,000!., the amount of 
each (hare being 50I. The dividends are not to exceed 8 per 
cent. ; but after loool. is accumulated as a fund for contin- 
gencies, the tolls are to be lowered, to keep the profits 
within that limit* The fird rates of tonnage are given in 
Phillips's 4to. Hiflory^ Appendix^ p. 24, but thefe were 
varied and incrcafed by the lad ad above. This company 
purchafed the old Tatterfhall canal, and were, by their fird 
ad, to contribute jointly with the IVttham and Sleaford 
panics in the expcnces, during the next feven years, in im- 
proving and deepening the courfe of the Wiiham between 
jLincofn high-bridge and the Fojfe^dyhe canal, in order to 
facilitate the pafTage of goods to and from the 7 rmt river, 
and in confcquence, but half the accu domed Witham dues 
were to be paid for goods pafling to and from this naviga- 
tion. In September 1802, this navigation, and the baton 
at Horncadle, w^ere completed and opened. 

Huddersfield Canal. Ads 5.3 and 40 of Geo. III. 
The general diredion of this canal is foutluwcd for 
miles in Yorkfhirc and I^ancafhire ; it croflei the Grand- 
Ridge, at a great elevation, by one of the longcft tunnels in 
this Kingdom, in a rocky mountain : its objedS are the 
carrying of coals that arc found towards both its extremities, 
the fupply of part of the country with lime, the conveyance 
of farming produce to the great tovrip, and the forming of a 
more dired communication between Hull and Mancheder 
and Liverpool. Huddersfield is the Hid Britifhtown. with 
a population of 7268 perfons ; Afhton undcr-lioc is alfo a 
confiderable town. This canal commences in Sir John 
Ramfden's canal near Huddcrslkld, and tciininates in the 
Manchejhr Ajhton and Oldham car al, at Duckenfield Bridge, 
near the town of Aflitoa-uiider-line (near which the P*ak- 
Forfi canal alfo joins it). From Ranifdcn's canal to Marfden 
the didance is 7^ miles, with a rife of 436 feet ; thence and 
through the tunnel to near Saddle worth it is 4 miles, and level; 
and thcncc to ManchcJlerAJhton and Oldham canal, miles, 

is a fall of 534 feet. I'hc lock at the entrance from Ramf 
dsn's canal is 8 feet wide, this canal being only intended for 
narrow and long boats. The Tunnel through the Stannage 
Hills near Marldcn is to be three miles in length, near to 
which, on the fummit lcvel, the company are authonfed to 
make rcfervoiri to contain 20, coo lock-falls of water, (each 
j8o cubic yards), and may make others if thtfe prove in- 
fufficient* About the year J798, that part of the line be- 
tween Huddersfield and Marfden was completed and opened ; 
in the fame year the head of a large refervoir near Marfden 
broke, and the torrent of water let down thereby did con- 
iiderable damage to the country below it* The company 
arc autborifed to raife 274,0001*1 the amount of (hares being 


lool. Thefe became greatly depreciated in value, about 
the year 1800, owing principally, it is fuppofed, to many 
of the original fubferibers not being able to aofwer the calls 
for money, by which the works were retarded, and the canal 
remained in an unproduftive (late : the Tunnel under the 
Stannage Hill is now proceeding. The rates of tonnage 
are from 48* to 3d. per ton per mile for different goods, 
(fee Phillips's 410. Hiflory^ Afpendix^ pp. 135. 136.) befidts 
which 18. 6d. per ton is to be pa»d extra, on all goods which 
pafs through the tunnel ; Icfs lading than 15 tons is not to 
pafs any lock, uulefs the water runs wailc thereat, without 
confent ; no intes are to be taken by Ssr Joim Ramfden for 
the goods which pafs betw'ccn his warchoufes at Hudders- 
field and this canal, this company to amend and keep that 
part of his canal in repair, in confequence, and are to gua- 
rantee bis tolls not being Itirened, taking an average of three 
years before this canal is cu:. This company is alfo bound 
not to make any branch or extenfion of the canal to any 
other navigation to the eaftw'ard ; but, in fuch cafe, the 
tolls thereof are to he divided between Ramfden ' the Calder 
and HMky and Ayre and Calder proprietors, inilead of being 
taken by this company. 

Hull River. The courfe of this river is nearly north 
for about 12 miles, in the Eaff Riding of Yorklhirc ; it is 
but very hule higher than the fea : its obiedb are llic fupply 
of Beverley and the adjacent country w»ith coals, deals, &c. 
and the fupply of Beverley and Hull with farm produce* 
Kingfton-upon-Hull (or Hull) is the i6th Britim town, 
with 29,516 inhabitants; and Beverley is the looth, with 
600 1 perfons. This navigation commences in tlic tide-way 
of the Humber at Hull, and terminates in the Driffield 
gation upon the fame river at Aike-beck mouth. In Leven 
parifh (between Eflce and Leven-bars) this is joined by the 
Hull and Leven canal. 

Hull and Levkn Canal. Afls 41 and 45 of Geo. III. 
The coinle of this canal is nearly caft for about three miles, 
in the Eaft Riding of Yorkfhire ; it is in a very low fitua- 
tion ; its objefts arc the fupply of Leven towm, of lime to 
the country call of it, and the export of the agricultural 
produce tlurcof for the fupply of Hull and Beverley. It 
commences in the //////river, and terminates at Leven bridge. 
Mrs. Charlotte Bethel is the folc proprietor of this canal, on 
which Mr. fohn Rennie ^ Mr. Wiliiam Jeffiip^ and Mr. James 
Crenffy were confulted. This canal w^as finiflicd fomc time 
ago ; and the of laft fcflion w'as for raifing the tolls, 
winch were found difproportionate to the cxpence of its 
conllrudlion and management. 

Humber River. A£t 23 Henry VIII. — Tliis noble 
river, or rather eftuary, has nearly a weft diredfion for 
about 40 milts between the counties of York and Lincoln. 
The tide flows with great rapidity through its whole length, 
and the depth of water is fumcitnt for fliips of confiderable 
burtlien, which trade in vaft numbers to the port of Hull, 
and with the numerous eaftern rivers which conntdi with 
it. Hull contains, as above ftated, 29,516 inhabitants; 
•and Barton is the 96ih Britilh towm, with 6197 per- 
fons. Grimfby, Pattrington, Headon, and Burton arc 
alfo confiderable towns on or near to this river. It com- 
mences in the German Ocean at the Spurn Head, and ter- 
minates in the Oufe and the Trent rivers, at their jundlion at 
Trent-fall; it is joined at its mouth, nearTctney, by the 
Louth river ; at Grimfby, by the Grimlby canal and docks ; 
at Kiiigfton-upon-HuU, by ’thc fpacious Hull docks and by 
the Hm river ; in Wintringham, by the Ancholme river ; and 
at Fofs^dyke Clough, near Flaxfleet, by the Marht^Wmhton 
canal. The port of Hull, and the accommodations of this 
river, have been greatly improved, by the conftrufting of 
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wet docks at Hull; the adts T4« 4a, and 4f of Geo. III. 
having pailed for thefe ptiriiofcSf the clock wai opened 
iu September 1778. lu 180O1 the new Humher«docic was 
propofedt fjoni Mytoti-gates to HeffeUgates, on the fite of 
the old ramparts » to form feven acres of water, to which a 
50 gun (hip may have accefs from the Number^ and 70 fail 
of mips may lie conilaiuly afloat, to be fiirrounJed in part 
by fpacioiis warchoufes. By the a6l for the fame, 30.000I., 
iu iOw*>ol. (hare»5, was to be raifed ; tliefe (hares have (inre 
boj* »c a premium of near 50 per cfiit. The a6t of the late 
icifioii was for raiting more inoii«:y to complete this vafl un- 
dertaking, now iu great forward uefs. lu Septenjber 1802, 
a Iniall m)ck was begun on the (liore of the Humber for mar- 
ket and ferry boats ; «i nnmber of dolphins or floating buoys 
were, about the fiine lime, placed on the banks of the river. 
In 1774, Mr. Juhn Smea/on was employed to build tmo 
light-houfes on tlie Spurn f lead, at 300 yards apart, which, 
in, June I77fi, were in immiiunt danger of having thnr 
foinulations unJeriuIncJ by h great (form : in September 
I So;, the lowed of thefe light- houfes was burnt down by 
accident. Coal-lhips, pafling the Humberts motith for the 
London market, pay id. on eacli chaldron of their cargo, 
towards the fupport of thefe lights. In 1800 it was in con- 
templation to cred a light-houfe at Stallingborough, on 
the fouth (hore of the I/uwber. In 1802 the (J(j/fi;tj^bttm 
einj Hu/f CTitnl was propoi’ul, to conned with this river at 
Hull ; in the fame year, the Kcyhi^hum^Lt'n^el navigation was 
propofed to join at Stonc-ertek. In iSo^ the Headon 
tmd Paul canal was propofed to conned with it at 
Paul. 

Idle Kivcr. The courfc of this river is nearly weft for 
about 10 miles, in Nottinghainihtre : it commences in the 
Trent river at Siockwilh, (near to the termination of the 
CheJkMd czxxsX^) and terminates at the town of Bawtry. 
At half a mile from the Trent is Mifterton (as or fluke, with 
an opening of 17} feet, and two lock-doors 16 feet high, 
opening towards the Trento to keep the floods thereof out 
of the low lands through which this river paflei. In 1764, 
Mr. John Smeaton was confiiltcd on this navigation and 
drainage. 

Inverness and Fort-Willcam Canal. Ads 43, 
44, and 45 of Geo. III. — This grand or Caledonian canal, 
as it is fometimes called, has nearly a fouth -weft diredion 
for ^9 milcN, in Iiivernefs and Argyle (hires, in the High- 
lands of Scotland ; it pafles the Grand-Ridge, through a 
low part thereof, interfeded by deep lakes or lochs ; its ob- 
jed is a connedion between the Kaft and Weft Seas, by 
Linnke I-och and Murray Firth, for large (hips drawing 
near 20 feet of water, and for avoiding the northern voyage 
by the Orkneys, or throiigli Pentland P'irth, Iiivernefs is the 
63d Britiih town, witli a population of 8752 perfons. Nairn, 
Cromarty, and Fovt-Gcorge are alfo confiderable towns on 
this line. It commences in the tide-way in Loch Beauly 
at Clachnicarry bafon, and, after pafling through two large 
and two finall inland lakes, it terminates in the tide-way iu 
Loch Eil at CorpacU bafon. From the fea-lock at Clacli- 
nacarry to the 2a lock, about i of a mile, it is level, with 
high water iu Loch Beauly,, and nearly parallel thereto ; 
thence for one mile to the ‘6th lock is a rife of -4 ^ feet by 5 
locks ; thence through Lochs Doughfour and Nefs to Fort 
Augiiftiis is 28 miles, and level ; thence to the «aft end of 
Loch Okh at the 1.5th lock, miles, is a rife ci 5.5 feet 
by 7 lockt ; thence through Loch Oich, and the deep-cut- 
ting on the grand ridge weft of it, is 54 miles and level ; at 
the etui of which the lock 12, at the call end of l.och 
Lochy, makes a fall of 19 feet ; thence through Lnrli 
Lochy to near Tor CatUe is 164; miles, and level ; and 


thence to the Tea dock at Corpach, aj miles, is a*fall of 79 
feet by 10 locks : in all 23 locks, befidesthe fca or entrance 
locks. This canal is no feet wide at top, 50 at bottom, 
and 20 feet deep \ the locks arc 152 feet long and 38 feet 
wide. At Clachnacarry and at Corpach are bafons, each 
400 yards long and 70 vards wide. Twenty-two miles of 
this navigation is through a furprifing fre(h-wnter lake, called 
Loch Nefs, of to 1 1 mile in breadth, the iniddlepart being 
r 29 fathoms in depth ! and its bottom muddy : this loch 
and the next never freeze, and it is futd that the waters 
thereof do not con*odc iron. Loch Lochy is another large 
lake, 10^ miles in length, and from to l J mile in width, 
and its greateil depth 76 fathoms, through which this navi- 
gation puifes : it has a fecure little harbour, 200 fathoms 
long and 150 fathoms wide, at its eaftern end. Another 
fmaller lake is found on this line, called Loch Oich, 3^ 
miles long, from to f of a mile wide, and 26 fathoms in 
(hpth in the deepell part, its bottom being a foft mud. 

I. .och Doughfour, the remaining one of the four, is 
mile long, about | of a mile wide in its wideft part, and 
about 40 feet deep. 'The number of fwing bridges is 2.5 ; 
there are 5 culverts with 1 to 4 arches each, and an aqiiedu«it 
bndge of 4 tcn-fcct arcl’c.s at I^ey Bridge ; the deep-cutting 
near Laggan is to be J.5A feet deep on the fummit, and is 
ellimated to coll 1 1,262!. New conrfes ate required to be 
cut for the river Spean. and at Fort Aii|vnftus tor the river 
Nefs ; the fteep hills adjoining, rendering it neccITary for the 
canal to occupy the old bed of the river for fume diflance in 
thofe places. A large weir is to be made at the eaft end of 
Loch Doughfour, to hold up its waters to the level of Loch 
Nefs, and feveral foualler weirs arc to be made. I.»och Oich 
is to be deepened 1340 yards in length, at the expence of 

II, 5501. This canal is moft amply fnpplicd with water on 

the uimmit, not only for the lockage, but for the working 
of mills out of the diflerent pounds, which will doubtlrU 
hereafter prove of immcr.fe advantage to the country. In 
1774 Mr. IPatt was employed to furvey this line, who cftL 
mated a 12 feet deep car.al, in the place of the prefent one, 
to coil 164,0511., cxclufive of the land. In 1801 Mr. 
Thomas Telford was employed by Government to furvey the 
canal above deferibed, afliiled by Mr. Murdoch Doumict very 
full particulars of which will be found in the Reports^ printed 
by order of the houfe of commons 14th June 1805 and loth 
of April 1804; in whicli Mr. IV'dl'mm eftimate, 

amounting to 474,5 ; il. (excluflvc of 23,000!. for land and 
mooriiig-chuins) is given ; and walled lucks are recommend- 
ed, on account of tlie lofs of time in tilling the chambers of 
thofe unwalled. IW the Aril a A above, 20,000!., by the 
next 75,000!., and by the Lit 50,000!. of the public money 
were granted, for carrying on this great work, under the di- 
re^lion of Mr. Th'imas T:'if>r.L In DAober 1804, feven 
miles in length next liivet nefs were digging, and the entrance 
bnfons were in h.iml. In Auguft the new channel 

for the river Nefs was cutting, the iirll lock new Invernefs 
was bnihhitg, 1000 men being employed at this end. It is 
projK>lcd to jiliicc mooring chains on ihc ihores of Lochtf 
Ncis and Lochy, on account of their being too deep fergood 
anchorage. On Loch Nefs government have had a galley 
of .57-J loin burthen lince 17:7, in wltich period, to l8oj, 
(Ivc of them had bten worn oi*t ; the worm fo fatal to wood 
in fome wMterii is not iroiiblcfoine here. At Invernefs the 
fpring tides rife 1 1 to 15 fett, and the neap tides 7 feet; 
at Fort William they rile 1 2 and 5 feet. Cromarty Bay in 
Murray .Firth, about 18 miUs call of the beginning of tbit 
canal, was furveytd byMr.'/Zv.wtf/ Teifvrd in 1801; the fpring 
tides here rife 14 01 15 feet, and the two piers of this har- 
b«iur appear to oier a la^c retreat for fltips, fecure from 
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every ivind, and where warehoufes arc only wanting for the 
accommodation of a large fleet. 

Itching River. Ads i6 and 17 of Cha. II., and 7 
and 35 of Geo. III. — The general dirediion of this naviga- 
tion is nearly north, for about 14 miles, in Hampfhirc ; it 
ts but little elevated above the fca 5 itaobjeds aie the fupply 
of Winchefter with coals, deals, See. and of Southampton 
with flour and other agricultural produds, and the trade 
between thefe towns. At Northam it is joined by the 
Southampton and Salj/bury canal. Southampton is the 6Sth 
Britifh town, with a population of 7913 perfous ; and Win. 
chefterthe 103d, with 5826 perfons. It commences in the tide- 
way in Southampton H^aternesir Southampton, and terminates at 
Winchefter. This navigation is the foie property of 7ames 
J)* jircyf Efq. ; and he and his prcdcccfTors’ were the foTe car- 
riers, or nearly fo, thereon, until 1793, when commiflloners w’crc 
named, in the above att, for fixing rates of tonnage, on pay- 
ment of which it is in future to be a free navigation. It was 
intended to widen the channel between Woodmill and the 


Kennet and Avon Canal. Ads 34, 36, 4T1 and 

4'! of Geo. III. — The general diredion of this canal is 
nearly caft for 5;^^! miles in the counties of Somtrfet, Wilts, 
and Berks, liie middle part is confiderably elevated, and 
crofles both the weftern and caftcrii bninchcs of the grand- 
lidge, the part between thefe points, crofling the heads of 
the valleys which fall to the fouthern coaft, while the ends 
arc in thofe vales falling to the Bnjhl Channel and the 
Thames ; its objeds are a communication between Briftol, 
Bath, and London, and the fupply of the country weft of 
Huugerford with coals from the mines conntded with the 
Somerfetjhire Coal canal, which joins at Monkton Combe ; 
at Widford it cuniicds with the Dorftt and Somerfit canal, 
and at Scmiiigton with the Wilts and Berks canal. Bath is 
the 12th Biitifti town, with 32,200 inhabitants ; Devizes is 
the 69th, with 7,909 perfons j Bradford the 78th, with 
7,302 perfons; and Trowbri.dgc the 104th or lojth, with 
5,799 perfons ; Melkftiam, Hungerford, and Newbury, arc 
alfo confiderdble towns on or near this canal. This canal 


Roman ditch, and to ci*c6t pound-locks where nrcelfary. 

IvEL River. Ad 30 Geo. II — The diredion of this 
river is nearly fouth, for about 1 1 miles, in the county of 
Bedford ; it is not very greatly elevated ; its objeds aie the 
fupply of the towns of Bigglcfwadc, Shtfford, and the ad- 
joining country, with coals, deals, &c. and the export of 
farm produce. It commences in the great Oufe river at 
Tems&rd, and terminates at the town of Shefford. On the 
lowcrTnd of this navigation, fluiccs with feparate and move- 
able upright planks inftcad of gates arc in ufe, as before 
mentioned. Soon after the pafling of the ad, the naviga- 
tion was completed to Bigglcfwade ; but the remainder of 
the diftance to Shtfford, miles, has not yet been made 
navigable, for want of money. In the prefent year ( 1S05 ) Mr. 
Benjamin Bevan was employed to furvey and eftimate the ex- 
pence of this part, which he ftates at 5900I. ; the rife about 
26 feet, to be effeded by 5 locks ; the toll on this diftance is 
to be 1 8 . 6d. per ton. It is ftated that the part of this navi- 
gation below Bigglcfwade has, in the laft feven years, produced 
a net 400I. per annum, towards the redudion of the debt at 
firft incurred. Several years ago the Bi^^efwade and Hertford 
canal was propofed to join this river at Bigglcfwade. 

IvELCHESTER AND LANGrORT CaNAL. Ad SS 

IIL— The diredion of this navigation is nearly tail for 
about 7 miles in the county of Somerfet : it is not much 
elevated ! its objeds are the import of coals and export of 
farming produds ; Langpoit and llcheftcr, or Ivelchtftcr, 
are conlidcrable towns ; it commences in the Barret below 
the town of Langport, and tcrminalts at the town ot 11 - 
chefter, follow'iiig the couife of the Yco river part of the 
way, and the remainder by a ca'i..d ; thr coii.pany were au- 
thorized to raife S,ocol., the air.uu.ii oi ihats being 50I, 
each: half-mile Hoiks arc to be creeled on this navigalion. 

Rennet River. The coinK of tii:.. r*va is nearly call 
for about 20 miles in the cour.ly of Ijch;?, it has a con.idcr- 
able elevation ; its objeds ;.rc tnc fupply of Newbury, 
the export of fanning prodiidv, and forming pa it of toe 
moftdired communicatcon between Louu wo and l>ah and 
Briftol ; Reading and Ncwbiny are conltdrrable towns. It 
commences in the 72 ^^^ riv.r h1;o :t k ini.c b-U.w heading, 
and terminates in the Kemtt u—I y-'un (.jnul a lutle abo\e 
Newbury ; on this navigitiou unw allul k cS • were very cat Ijr 
in hk i in Feb. 1800 it was prej-ofed to -..n;:.-. ye this navi- 
{ration ihrcugh the borough of Keadiag. .ms company 
L Riven notice that as carriers, they will not t>c anfwerahle 
for tfie damage goods may fudain by hre ab.c at- 

Sdents beds of Peat are found r.tar K.ao.ug, 

which is ufedfor conliderablc diHantes is .1 K..e.mrc. 


commences In the jivon river at Dole-Mead in Bath, and 
terminates in the Kennet river a little weft of Newbury ; the 
branches that were at flrft propofed to Caine and Chippen- 
ham, have been fuperfeded by the Wilts and Berks canal, 
and its branches. From the Adoh to near Bathampton J of 
a mile is a rife of 565 feet ; thence to Trowlc bridge, ioh 
miles IB level ; thence to Devizes, 9J miles, is a rife of 30J 
feet ; thence for 20 miles along the fummit-pound (and 
through the tunnel of 2J miles, at firft propofed) toCrofton ; 
thence to Hungerford is fix mile.?, wiln a fall of 104 feet; 
and thence to the Kennet near Reading, 9 miles, is a fall 
of 72 feet. By the fccond a6l, the company were autho- 
rifed to raife a part of their fummit-pound at its callcrn end, 
fo as to pafs the fummit by a moderate deep-cutting inftcad 
of the tunnel above mentioned, and to fupply the new fum- 
mit with water by a large ftcam-cnginc. This canal is cal- 
culated for 50 ton boats ; at Trowbridge there is a bafon 
129 yards long and 60 wide, and another between Lyn- 
combe and Widcombe. There is a confidcrablc deep-cut- 
ting near Burbage; there arc two large ftonc aqueduft 
bridges over the Hvon river, one called Duiulas, the other 
is at Avon -cliff. Progrefs w'as firft made in completing 

parts of this canal at ilw taftcin end, and in Odober 1798, 
the fame was opened fiom Reading to lluugcifoid ; in 
July 1799 opened to Gicat Bed win, near the 

beginning of the lummii : in May i8oi, the ulhci* tiid of 
the line was opened from Ihilh to Devizes. The company 
were authorifed to raife Bio,o^ol. bJliles a farther fum by 
the laft ad ; the original fliaicG were J2ol. each, but a great 
number of defaulters appeared among the fubferibtrs, (no 
Uu than ^50 fhares it was faid) and thofe- remaining being 
called on for 17I. 4s. 7 -Id. on each, made the amount oi 
ihcfc old (hares 13/I. 4s. jlj). each, befoie the ad of 41 
Geo. III. rellrciined any furllur calls on their fliares, and 
created a new fet ol fliaus of iltc amount of Ool. each. The 
lluircs of Icvcral difcouicr.Ud pr<;j»iiclors were direded to be 
purchafed. Thit canal pufl'es ihrougli rjydney-guidtns near 
Bath, which arc laid out and apprupnaUd to jilcafurable 
parties like* our Vauxliall garduiG. 'J'lic raUs of tonnage 
are from id. to zjd. per ion per mile on different goods, 
and others are fixed for the diftance between Bath and De- 
vizes, for which fee Philllpi^s 410. Hffiory, Jppendix, pagea 
141 and 145. Mr. J'Jjn Rcnnlf is ihc tiigiiietr, whofe lu- 
perior ficill has been (bewn in furmouuting the great difficul- 
; tics tliat have attended the conllrudion of this canal ; be- 
tween Avon-ClitT and Bradford, a finglc flip toll, it is faid, 
ICC j 1 . repairing, A canal pafiing through neady this tra£l 
of country wai* propofed in 1754* The new fluucs in 1802 
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bore a premium, notwithftanding no intereft is to be received 
oil them until the line is completed, which was required by 
the firll aft to be done in the next year, (1806); we fin- 
ccrely wifh this may be the cafe. Some years ago it was 
propofed to extend a branch of the Bajm^oht canal to join 
this at Hampilead : in 1796 there was an intention of ex- 
tending this canal by the fide of the Avon to Bi'iftol. 

Ketley Canal. The general direftion of this canal, 
or water-level, is about E. ; originally it w’as about if mile 
in length, in the county of vSalop ; it has a great elevation, 
being within 7 or 8 miles of the grand ridge on its weftern 
fide ; its objefts are the conveyance of coals, iron-ore, and 
lime-done, the export of heavy iron goods, dec. ; it was con- 
trived by Mr. Willtam Reynolds^ and cut in 1788 at the 
foie expence of Mcflrs. IViiltam Reynolds and Co* and in the 
year 1793, l mile and 188 yards of this level at its cad end 
were fold to the 5 ^ company, and made part of their 
canal ; the price was 840I. half the original cod, with the 
condition that MclTrs. Reynolds and Co, fhould pay 2d. 
per ton per mile for their goods pading on the Shrewjbury 
canal. This canal now, therefore, confids of about three 
furlongs of level connecting with the Shnvjfoury canal, at 
the head of the Worn bridge inclined-plane, and having at 
its other extremity an inclined plane of 73 feet perpendicu- 
lar fall to the Ketley iron-worKs ; this inclined plane was 
the fird that was brought into prafticc in England for the 
padage of boats, and in 1789 a copper medal or half-penny 
was druck to commemorate the fame. The boats ufed here- 
on are 20 feet long, feet wide, and 3 feet 10 inches deep, 
carrying 8 tons ; they are floated into a fliallow lock at the 
top of the plane in order to place them upon the wheeled 
carriage or cradle, which carries them down the plane, after 
the water in the lock is drawn off into a fidc-pond, to be 
pumped up again by a dcam-engine into the upper pound, 
and by which no water is lod out of the upper pound or wa- 
ter level. The inclined plane is double, and a defeending 
loaded boat draws up an empty one or but about one-third 
laden, by means of droug ropes winding round a barrel at 
the head of the plane, the velocity being regulated by a 
brake-wheel ; of this plane we have before fpoken. Seve- 
ral of thefe fmall boats linked together arc towed along the 
level by one horfe, and to guide them round the projedting 
turns of the bank, flidc-rails arc placed thereon. 

Keyingham’ Level, In the year 1802, Mr. William Chap- 
man made a furvey for a navigation, and drainage-cuts, from 
the Humber river at Stone-creek, to Roofs-bridge and 
Owdwick-carr gate, in the Ead Riding of Yorkfhire, the 
edimated cxpcncc thereof being ijool. j the canal was pro 
pofed to pafs near the town of Keyingliam, its objeftsbeing the 
import of coals, &c. and the export of agricultural articles. 

Kidwelly Canal. The length of this canal is about 
3i miles, in Caermarthcnfliire, in ^uth Wales, it is the pri- 
vate property of Mr. Keymer ; it extends from the tide-way 
at the town of Kidwelly to Mancha coal and lime-works, 
belonging to Mr. Keymer, through whofe edate the canal 
18 alfo cut : its objeft is the export of lime and coals. 

Lagan Navigation, [Ireland). This is one of the 
navigations which the Irifh parliament have ailided with fums 
of money, with the view of facilitating the working of the 
collieries with which it connefts ; for this navigation and 
its collieries, various foms of public money were advanced 
between 1753 and 1770, amounting to 40,304!. 

Lancastex Canal. Afts 32, 33, 36 and 40 of Geo. 

II I. ^Thc general direftion of this canal is nearly S. for 75^ 
miles, in tlie counties of Wedmoreland and Lancader; the 



eroding within two miles of its termination the Haflingdcn 
and Liverpool branch from the grand-ridge. Its objefts arc, 
the interchange of the lime-done of the northern parts, for 
the coals and cannel of the fouthern parts of the line, the 
fiipply of Lancader and Predon, &c. ; it is to conneft with 
the fea at Glaffon Dock by a cut of 4 milts from Galgate 
on the line of the canal ; it erodes the Loyne and Ribble 
rivers, but without connefting with them, and it likewifc 
paffes under the Leeds and Liverpool canal. Predon is the 
37th Britiih town with 11,887 inhabitants, Wigan is the 
42d, with 10,989 perfons, Lancader the 5<^th, with 9,030 
perfons, and Kendal iti the BSth, with 6,892 perfons ; Bur- 
ton, Gardang, Kirkham, and Chorky are alio confiderable 
towns on this line. This canal commences in a bafon at 
Kirkby- Kendal, and terminates in another at Wed Hough- 
ton : to Wharton-Craggs lime-works there is to be a cut of 
2^ miles, and another of miles to Duxbury near Chorley. 
From the bafon at Kendal toGreenhead farm (through the 
Hincadcr or l.cven tunnel) is 5J. miles and level; thence 
to near Borwiek, (near the Wharton branch) 9} mi)c!j, is a 
fall of 65 feet ; thence to the fouth fide of the meadows 
fouth of Predon is 42^ miles and level ! thence to Clayton 
Green 3-J. miles is a rife of 222 feet, and thence to Well 
Houghton 15-5. miles is level ; the Wharton and Duxbury 
cuts are level. This canal is 7 feet deep, the boats arc 36 
feet long and 14 feet wide, carrying 60 tons ; and the Glaf- 
fon branch has a fall of about 52 feet. There are two tun- 
nels, one at Hincadcr near Leven's Park of about 800 yards 
long, and another through the Whittle Hills near Chorley, 
which proved a mod difficult one to execute ; at A Alton 
near Lancader there is an amazing piece of deep-cutting. 
At Lancader there is a mod furprifirig aquedudi bridge 51 
feet high, over the Loyne river, confilling of arches of 70 
feet fpan each. (Seeoiir article Bridge.) In ere arc other 
aquedufts over the Rihble^iX Predon, the Wyre at Garftang, 
the Beeloo near Bethorn, 5 cc. ; and it is paffed on an aqiie- 
duft 60 feet high near Bark-mill not fai from Wigan by 
the Leeds and Liverpool iiexveX. At Kendal the canal is fiip- 
plied with water by a feeder of 1 mile in length from the 
river Mint : water from all mines within 200 yards may be 
taken. The part of the line between Wheclton (near to 
Clayton Green) and the fouth end of the long level is at pre- 
fent fupplied with a rail way, hut w’c believe only as a tem- 
porary nicafure. Mr. James Rrindley was employed in 1772 
to furvey a part of this line, the whole of it was foon after 
furveyed by Mr. Whitworth^ and in 1791, Mr. John 
Rennie was employed, who has had the direftion of the 
works upon it, which will redound to his lading credit. 
The company is aiithorifed to raife 414,000!. in lool. 
Aiarcs, and 200,000!. more in Aiares of 30I. each. In July 
1796, the lad arch of ihc Lancader aqueduft was com- 
pleted ; in September 1805, i': was dated that the Aiarcs 
divided il. per cent. From Bolton to Lancader and thence 
to Predon it was opened in November 1797, and in a few 
years after the whole of the long level was completed. In 
June 1803, the Whittle tunnel was completed, and mile 
of the rail-way, fo that coals paffed from Wed Houghton 
to Bramber-bridge, and in 1805, the remainder of the rail- 
way was opened for conveying coals to Predon, Lancader, 
&c. At Hed this canal paffes along elefe to the fea beach* 
The rates of tonnage arc, for coals i^d. per ton per mile ; 
for lime-done, date, fait, bricks, done, iron-ore, gravel, fand, 
clay, and manures id. per ton per mile ; for lime and iron 
id. per ton per mile, and for timber, wares, and merchan- 
dize, 2d. per ton per miic. Coals are not to pafs the in- 
tended locks N. of Chorley under 28. 3d. per ton, which is 
to pafs them for 18 miles N. of Chorley. It is provided in 
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the Vherjlon canal (jt Geo. III.) that coals from this 
canal may crofs the bay of Morecambe to that place without 
being fubjed to the fca duty. 

Lark River. This river (fometimes calhcl the MilJcn- 
hall) has its courfe nearlv S. E. for about ii miles in the 
county of Suffolk, after iKirting the boutida of Camhndge 
for fome miles. Bury St. Edmunds is the 71II Britifh tovui, 
with a population of 7,65 perfons ; Milileuhall is alfo a 
coiifiderable town on the line of this na\ioation, whicli 
commences in the ^reat Oufe river at Prick-wirow, (about 
4^ miles below Ely) and terminates at Bury St. EdmuMcIs. 
Its objc6U arc the import of coals,’ deals, c^:c. and the export 
of farming produfts. The lower part of its courfe is em- 
banked on both Tides through the feus. It is generally very 
(hort of water in the autumn. In 1781;, this river was pro. 
pofed to be croffed by the Bi/JjopJlortford ami Wihon intend- 
ed canal ; and in 1802 it was propufed to be joined at Bury 
St. Edmunds by the Stowmarkd ami Bury railway. 

Lea River. Adis 12 Geo. II. and 7, 19, and 4*; of 
Gto. III. — The general diredtion of this nver is ahnoll noith 
for about 28 miles, between the counties of Middlefex and 
Effex and in Ilert ford fh ire ; it ia not much elevated. Us 
objedls are the fupply of Hertford and all the furrouiu!i!ig 
country with coals, deals, 5:c. and the export of fanmug 
proda^s, of which malt from Ware forms a couti(lv.iablc 
part. At Bromley near Bow it connedls with the lAnuhauje 
canal, and near Hoddefdon it is joined by the Sturt rivc-r. 
Hertford, Ware, Hoddefdon, Waltham-Abbey, Enfield, 
and Stratford are confiderable towns on or near this naviga- 
tion. It commences in the Thames river at Bow-Creek 
near the Eajl^ India Docks ^ and terminates in the town of 
I lerlford: it has a Ihortcutto the town of Waltham- Abbey. 
This river, which feems fubjeft to floods, was originally made 
navigable in fome places by weirs and flulh-fluiccs, or turn- 
pikes. In 1767, Mr, y/^hn Smeaton calculated one of thofc 
fluiecs to let down 142^^ cubic feet of water per minute on 
ail average, a confumption which greatly injured the mills ; 
the early pound-locks erefted on this river were without 
walled chambers. In 1771 fome of the turnpikes were re- 
moved and locks^ built ; in 1781, Mr. Smeattm was again 
called in to give an opinion on the very leaky llatc of the locks. 
In 1772, and again in 1802, this river was propoftd to be 
joined at Waltham-Abbey by the London and lUtillham^Abky^ 
with another jun^ion therewith at Lee-bridge ; and in 1 792, 
it was propofcd to be joined at Hertford by the Leia^er and 
London canal. Several years ago the Bigglcfwade and Hertford 
canal was propofed to join this river at Hertford. Between 
Hertford and Ware, the New River or aquedua for the fup- 
ply of London, lias its rife, partly out of the chalk hills, and 
partly by a feeder out of this river, and purfues its devious 
courle for near 40 miles. This great work was begun by vSir 
Hugh Middleton in 1608 ; in 1 77.3, Mr. James Sharf fuggdUd 
the making of the New River navtoble, and continuing it by 
a level cut to the Thames near Reading. In 1803, Mr. John 
Rennie y 99 A employed by government to fiifvcy the lower part 
of the courfe of the Lea river, and to conllrud embankments 
acrofs, for filling this cxtcnfivc vale with water in rafe of an 
invafioii : the gates intended to produce thefe cffecls, arc \cU 
fels that can on the fliorteft notice be floated to and funk in 
their proper places, to flop the water, as before defenbed. 

Leath^head and Thames RaiUvay. In 1801, it was pro- 
pofed to make ji rail way from a bafon to be made on the 
banks of the Thames, in Weil Moulfcy (oppofite bunbi^*) 
to the town of Lcathcrhead in Surry, through the parifhes 
of Walfton, Cobham, Stoke-Dawbernon, Little Bookham, 
Great Bookham and Fctcham. 

Lei River, {Inland.) For improving the navigation 
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of this river, the IriHi pailiumeri between IJ53 and 1770, 
granted 2,oool, of the public mont}'. 

I.EKOS AMD LlVLRPilOL CanAL. A^S IO, 3J, 30, and 

31 of Geo. HI, The gencial direction of this canal is bc- 
twttn N. IC. and K. b} a very crooked courfe of 130 milt t 
ill the counties of Laneallcr and York ; itcroffesthe grand- 
ridge by a tunnel, neartolne, and at Red-MoTs and Af- 
piile crofles th.e Htiflingden aud Liverpool branch of the 
giand-ridge. Its ohjedts are a communication between the 
ports of Idverpool aud Hull, the export of the immenfc 
it >re-i of coali, caiint’l, and lirrie-flonc, that are found on 
parts of its courfe, and the fupplv of the great towns thereoa 
with the agricultural produdts of the intermediate country. 
Ai^ Briw*r* nnll it conne^^s with the Douglas navigation (now 
belonging to this compar-v, by a purchalc under 2J Geo, 
Hi .) ; near Burk-uiill .lOt far from Wigan k croff's ttie /.t7n- 
cajler canal (hut is 63 feet above it on an aqiiediid -bridge.) 
At Church it connedls with the Hajlmgdtn canal, at Skipton 
\vith77>.?m/’6 canal, and atWindhill with \\\t Bradford 
Liverpool IS the 4th Britifh town with 77»<^j.J inhabitants j 
Letds is the Ktb, with 53,162 pcrfoiis ; Blackburn is the 
3«' th,\vith 1 1,980 ptifoKS ; Wigan is the 42d, with 10, 08-; ; 
Bradford is the 95th, with 6,393 perfous, and Hunilet the 
1 04th or i o Jill , V.V ith 5 ,799 perfons : Ormflt irk, Chorlev, Burn- 
ley, Colne, aiul Skipioii aic alfo confiderable towns oi-i or near 
this hue ; u hie h Cviiiuncnces in the tOwn of I.iverpool (on 
the bank of the Merfy^ but docs not connedl therewith) 
and UJ niiiiatcs in the Ayre and Calder navigation in the town 
ot Ijee<i.> ; there is a cut to Ighton-hill collieries, anotlier 
to Mr. Walton’s Alt ham collieries 5 and provifion is made 
for cuts to be made by the earl of Balcarras and Mr, Sluitile- 
worth between their coal works aud the line. U'he old ba- 
fon at Liverpool is 32 feet above low-water mark in the 
Merfey river, from thence to Newborongh, 28 miles, is level ; 
thence to the beginning of the deviation thS*t was laft made 
in the line, near to the town of Wigan, 7 miles, is a life of 
30 feet, by 3 locks, (this lad length being fometimes called 
the Upper Douglas navigation, of whicli it formerly was a 
part), thence to Bradfliaw-hill near Afpule 3 miles, has a 
rife of 279 feet, by 28 locks, (the Lancq/ler canal being crof- 
fed in this dillance) ihcncc to the aqutdiidl over the Der- 
went near Blackburn, Jpj miles, is level; thence to Grirrfhaw 
near BlacKburn, J of a miU , has a rife of 54^ feet, by 7 locks ; 
thence to the end of the deviation at Barrowford near Colne 
is 24 miles and level ; and thence to the beginning of the 
fummit pound near Colne is f of a mile with a rife of 67^ 
feet, by 7 locks. The fummit-pound, pafiing through tlie 
Foulridge tunnel, extends to near Thornton, about 61 miles 
and level ; thence to Holme-bridge near Gargrave is 
about 7| miles, with about 150 feet fall, by 13 locks; 
thence to Gavvthorpe-lall near Binglcy is 17 miles and 
level; thence to the jundlion of the Bradford ca- 
nal is about 4 miles and 100 feet fall by ii locks; d 
thence to the Ayre and Calder navigation at Leeds is at o it 
i 2 i miles, and 160 feet fall, by 18 locks : the who'e lock /f' 
being 840 J feet by 91 locks, which are each 70 feet 
length, and I5-J feet in widths the brcadili of the canal, t 
top is 42 feet, and it is 4^ feet deep in watri The boat: 
are keel-bottomed, and carry 30 tons of good.?, with which 
they can go down the Ayre and Oufe zb far as Se)by ; between 
Leeds and Wigan, 100 flatis of 42 -ons burthru arc em- 
ployed in the coal and cannel trade, :iaffage-boar . alfo ply 
regularly on this part. At Leeds the e is a fine bafon, and 
there lare fpacious warc)‘<oufes belonging to this ci^mpany at 
the fiQrth-caft corner of IJverpool tov.n, and it wa*? intended 
in X 80 1, to conttru£l a new bafon from the North Graving- 
Dock on this canal, to the top of Plumbe llreet, for which 
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7COO cubic yards of earth were to be excavated, and the whole 
to be lined by 1200 cubic yards of ftone mafonry. The 
coals are thrown out of the boats on a branch that proceeds 
near to the Merfry^ and Aide down a fteep bank to a yard by 
the water fide. At Foulridjrc there is a tunnel of 10.30 
yards in length, and 25 yards below the higheft point of 
the hill ; the foil of which proved fo very loofe, that only 
7C0 yards could be worked under-ground, the remainder was 
obliged to be opened from above, From 10 to ao yards deep, 
and 20 to 30 yards wide at the top, although it was fup- 
ported with immeiifc labour and expence by timbers to pre- 
vent its falling, until the tunnel arch was formed, which is 
j8 feet high and 17 feet wide withinfide ; it is arched with 
ft one. At Furnloy near Burulcy, there is another tunnel. 
At Cottinglcy below Bingley, and near Gargravc there are 
confidcrable aqueduft bridges over the Ayrc river, and fe- 
veral Icffcr ones in different places. Mr. Longbottom made 
a furvey for this canal in 1767, which was revifed by Mr. 
^amts Brindley in 1768, under whom the canal was begun, 
after which Mr. Robert IV bit worth and Mr. Fletcher were 
employed thereon. In 1770, the eaftem end of the line 
was completed from* Leeds to Holmc-bridgc, a diftance of 
33A miles ; about the end of 1794 this was extended to near 
Foulridgc. May l, 1796, the Foulridge tunnel was com- 
pleted and the line opened to Burnley. In May 1801, the 
Furnloy tunnel was finifhed, and the navigation extended to 
Enfield within 4J miles of Blackburn ; and in July i8ot, 
the Altham branch was opened. The weftern end of the 
line was begun as early as the other, and in 1770 the fame 
was opened from Liverpool to the Douglas old navigation 
at Newborough, 28 miles; and on I9tli Odober I 774 > 
prefent navigation was completed to Wigan. This com- 
pany was authorized to raife 600, cool, the amount of (harts 
looi. The rates of tonnage are, on limc-ftonc and other 
ftones id. per ton per mile, on coals and lime id. and on 
all other articles xid. per ton per mile. No wharfage to 
be taken unlefs goods remain 6 hours. In September 1805, 
the company propofed lowering their rates of tonnage 
on the Douglas lower navigation. About the year 1794, 
a branch of the Manche/ler Bolton ami Bury was propofed to 
join this canal at Red-Mofs near Wigan. In September 
1802, it was propofed to make a branch from this canal 
near Wigan to Bridgewater'^ canal at renniiigton ; alfo a 
branch or rail way from it to Low hall collieries. 

Leicester Navigation. Aasji, 54, (for Canal) 

and 37 of Geo. III. — The geiiei-al dircdlion of the line of 
this navigation is about Couth, following nearly the courfe 
of the Soar river, for 14 miles in the county of Leicefter, its 
Charnwood Foreft branch is confiderably elevated. Its ob- 
jeda arc the fiipply of I.ieicciler with coals, deals, and ge- 
neral merchandize, the export of coals and limeftone from 
the mines on its branches, and the farming produds of the 
country. On the completion of the Lcicejler Union canal it will 
become a confidcrable thortnighfarc. AtTurn -water Meadow 
in Coflington, it is joined by the Leicrjler and Melton- Mow* 
bray navigation. I..eiccfter is the 22a Britilh town with a 
po^lation of 16,953 perfons ; Lotighbourongli and Moiiiit- 
Horrel arc alfo confiderable towns on the Tine. It com- 
mences in the bafoii of the Loughborough navigation at that 
town, and terminates in the Leic^erjhnre and Northampton* 
fhire Union canal, at Leicefter. Fvoro the bafoii at Lough- 
borough, a rail way branch of ll miles, and a rife of 185 
feet, extendi wcllward to a bafon at Forcft-Ianc, at the 
rail end of the Charnwood Foreft waterdeveU which level 
extends 84 miles to near Parrow hill, having a fide cut of I 
ot a mile to 'I'hriug lion-bridge, and level. Froni the weft end 
of the water* levii a rail-way extends of a mile further to 
i loiidf hill lime-works, and thert coiincds or very weaily fo 


with a branch of the deda*Zouch cxtiii ; there is a (hort 
rail-way branch of fix chains to Barrow-hill lime- works ; the 
Thringftone* bridge branch is alfo continued by a rail- way to 
Coal-Orton in two branches of mile, aud another of of 
a mile to Swannington-common coal- works. From Loughs 
borough bafon to the jundion of the I^c^er and Melton* 
Mowbray navigation it is 3 miles, and level, and thence to the 
Leicejlerjhire and Northamptonjldre Union the diftance is 1 1 
miles, with a rife of 45 feet. On Charnwood Foreft there is a 
i-efcrvoir for fupplying the water-level, and a feeder of f of a 
mile in length to convey the water to it. Near the weft bridge 
in Leicefter there is a bafon for the ufe of this navigation. 
Mr. William JeJfop was the engineer ; in December 1 793 the 
part of tlic Kne between Loughborough and Sielby, near 
Mount Sorrel, was opened, and in February X794. the re- 
mainder of the fame to Leicefter was opened. The com- 
pany was authorifed to raife 84,000!. The rates of tonnage 
are various 1 fee Phillits's 4to. Hiflory, Appendix^ p. 1 2. On 
the making of the J^by canal, with branches to the neigh- 
bourhood of the collieries conneded with the Charnwood 
level, the company were allowed 28. 6 d. per ton on all coals 
dug in Swanningtoii, Coal-Orton, or Thringftohe parifhes, 
and carried through Blackfordby, on the J^jhhy canal. The 
company arc autiiorifed to make rail-ways to any muii j* 
within 2000 yards of the water level ; and are to guarantee 
the Loughborough company a receipt of 2000 1 . per annum, 
on condition of their taking is. 6d. or lefsperton (but not 
K-fs than iod.) for coals palling from Loughborough to the 
Trent river. 

Lekejler and I, ondon Canal* About the year 1792 print- 
ed propofals and a plan were circulated, for a canal fiom 
the Leicijler navigation at that town to the Lea river at 
Hertford, a diftance of 77 miles; pafting Market-Har* 
borough, crofting the Nen river near Wellingborough, and 
conneding with the Oufe navigation at Bedford ; its pro- 
fefTed objed, as a rival to the Grand ^unHion, was the 
forming of the (horteft ctimmunication between I.ondon, 
Liverpool, Hull, and Lynn, and the intermediate large 
trading towns, mines, &c. 

Leicester and Meeton-Mowbray Navigation. 
Ads 31 and 40 Geo. HI. — The general dlredion of thi.' 
navigation is nearly E. following the courfes of the Wreak 
and Eye rivers, for about 12 miles, in the county of Lei* 
cefter ; it is not greatly elevated in any part, its objeds arc 
the fupply of Melton -Mowbray with coals, deals, &c. and 
the export of the farming prodiids of the country ; it com- 
mcnces in the Lekejler navigation at Ihirn -water Meadow in 
Codington, and terminates in the OaLham canal, at the town 
of Mclton-Mowbrajr. The company were authorifed to raife 
40,000!. The original rates of tonnage may be feen in 
Phillijs's 4/0. liijlory, jfppendix^ p. 13, but thefe were al- 
tered and ihci'cafed by the late ad above, and fcveral regu- 
lations made refpeding tolls with the Oakham company. 
This navigation was completed in a few years after the 
paiTiug of the firft ad* 

Leicestershire and Northamptonshire ITnion 
Canal. Ads 33 and 45 Geo. Ill.--Thc general dlredion 
of this canal is nearly S.E. by a crooked courfe of 43 i 
miles in the counties of Leicefter and Northampton ; its 
middle part is confiderably elevated, and ftvirts along the 
caftern fide and near to the grand -rid^e for fcveral miles: 
its objeds are the formation of a tiindion between London, 
Hull, and Lynn ; the fupply of the country through which 
it pnftes with coals, deals, 8cc. and the export uf farm- 
ing produds ; it is toconmd at Northampton with a raiU 
way branch of the Grand Jun&ion* Leicefter is the 2 2d Uri* 
ti(h town, with a population of 16,953 perfons, and Northamp- 
ton is the with 7,020 perions, Market-Ha rborongb 
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U ftlfcj a confiderablc place near the Hue. This canal com- 
mences ivi the Lekejler navigation in the town of Leicefter, 
and terminates in the Ncn river at the town of Northamp- 
ton; there is a cut of miles in length to Matkct-Ilar- 
boroivgh. From the Leicejler navigation to Fleckney near 
the Saddington tunnel is 12} miles, with 160 feet rife; 
thence to near Great Oxenden 13^ miles arc level; thence in 
f of a mile is 50 feet rife ; thence the fummit-pound extends 
through Oxenden and Kelmaidi tunnels to near Maidwcll, 
4|. miles and level ; thence to the jun6\ion of the North river 
near Northampton arc iij miles, with a fall of 197’ fetf, 
and thence to the head of the Nen navigation is } of a mile 
and level. The Market* Harborough cut is level. At 
Gumley there are a bafon and warchonfes. Tfiere are four 
tunneU on this line, viz. at Foxton, of 1056 yard'? in length; 
at Kelmarfli, of 990 yards in length ; at Saddington, of 
8S0 yards in length, ai.d at Oxenden, of 286 yards in 
length. On O.xtnden and Kelmailh brooks are the aque- 
cludts for the fupply ov^'r the furniv.itdcw], but flood-waters 
alone arc to be tjken. There are a great number of fmall 
Kquedu6.\s over the llreams \n Inch it r'afl'es. Mr. yo/m 
fen. and Mr. C. St.n\Jiy, jnn. aie the engineeis. In 
March i8co, the tunnel at Saddington v\?.s fiiii.hcd, and the 
line opened from l.eiccllcr to Gumley, a diilance of 17 
rules ; but fmall progrefa appears to have been fince made 
with the other three tunnels, and the remainder of the line, 
intended to form the union. Thf rates of tonnage on coals 
and coak are 2r,d. per ton, per mile, but not to exceed ^s. for 
any dillaiice ; for lime, lime-floiie, dung, a’:d manure i^d. 
pci' ton, per mile, but not exceeding 2s. 6d. per ton, on 
any diilance ; for live cattle, ftones, bricks, tile«, dates, fund, 
iron-llone, pig*iron,and pig lvad, 2d. per ton, per mile, and for 
other goods jd. per ton, per mile ; troopA and government 
llorts are exempted. Road-matcriala, and manures (except 
lime) for the ufe of tlie pioprictors of lands on the 
pounds, may alfo pafs the locks when the water runs waflc 
thereat. The towing path may be ufed as a bridle and 
drift-way by the owners of adjoining lands. By the fiill 
ac\ the company w’ere authorized to raift joo,oool. lharcs 
tool, each ; the lall ,a£l w^as for varying fome parts of 
the line and anunding tlu: former one. Abtiut the year 
179J, the Uppingham canal was in contemplation, and its 
jundion with tins canal is provided for in the firft a£l above. 
In 1S03 it was propofed to alter and Hiortcn the branch to 
Markct-IIarboroiigb, and to make a feeder from Willow 
brook; and in the fame year Mr. furveyed 

the line of country between Gnmlv.y bafon and Buckby 
wharf on the Urau 'd 'Junalon canal, propofed as a fubftitutc 
for the foulhern part ot the line to Northampton. 

LS.OMINSTLR Canau. Adis 31 and ->6 Geo. III.— 
The general direaion of this canal is nearly W. by a crooked 
courfe of 45} miles, in the counties of Worceilcr, Salop, 
and Heicforcl; its weftern end is very confiderablv elevated; 
its obieas are the fupply of Leominlicr and the country 
wdih coals from the Pinfax mines near its caftern end, and 
the cxpoit of iron, lime, and agricultural prod : King- 
ton, Preflcign, Leominller, Ludlow, Tenbury, Cleobnry- 
Mortimer, aivd Bcwdlcy arc confiderablc towns on or near 
to the line of this canal : it commences in the Severn nstx at 
Arclcy near Stour-port, and terminates at the town of King- 
ton; It has two fliort cuts to mills near Icnbury. From 
the Severn river to the caft end of the Pinfax tunnel it is 3 
mUcs, with a rife of 207 feet; thence through that tunnel, 
and the Soufnant lunncl to its weatrn end, it is 9 imles and 
level ; thence to the river Rea aquedud is i mile, with a 
fall of 30 feet ; thence to Letwich brook, 7 inilce» U is Icvd ; 
thence to Wilton, 4i miles, is a rife of 36 feet ; thence to 
near Luaon, si »» Leoimnftcr, si 


mile, io « full of iB fc'.t ; ihencc to near Kiiigflnnd'are 4^ 
m»h b, with ^.'4 fett rife; thence to Milton are 3{: miles, with 
37 feet rife; tliencc to Stanton-park are 2^ milts, with a rife 
of 1 32 feet, and thence to Kington are 4 miles, and level. 

At Pinfax is a tunnvd of 3890 yuids, and the other at 8ouf- 
iiaut i-^ 1230 yards in length. There arc confiderablc aqnc* 
dudl*bndges over the Kca river at Knighton, over the 
Teme at Woferton, and over the Lugg at Kingfland ; 
a power is provii3<d in the ad for inclMied-plants inlicad of 
looks, if the Dmc fiiould be found moll eligible ; fprings of 
water within 20Q0 ^ards of the line may be taken. Mr. 
Thomns I)a/>f(.rd>y\x\. is the engineer. In July 179^ the dif- 
ficult tunnel at Piitnal-ficid in Soufnant was fiinllKtl, and in 
November near 20 miles nf Ccfnal, from Mainblc ccud- 

woiks to the town of l^eomliilier were opened, and coals, 
which before fold there at ifi. ^d. perev,'t. wcmt at once re- 
duced to 9d. per cwt. ! On the ill ol June 1797 * the en- 
trance of the canal from the Severn was (.peiud ; lincc which 
confiderable progrtfs has been made in ihe works: in< May 
LdliiScf;.) the Pinfax mining company was propofed, for 
opening new coal and iron mines near that place, on the line 
oi the canal, which was expeded to facilitate its comple- 
turn. 'I'lie I.am'itjler company have been authorifed to raifc 
3 ; o.oool. The tonnage rates are too long for onr room, they 
will be found in PhiHips'i .jtt). UjPoi'yi Jippcmltx^ p. 5 and 6. 
About the year 17 94, the IVelJlipool and l^comhjhr canal was 
propofed to join this at 'Woferton. 

Liitey River, {Inland), The diredion of this rmr 
is neatly weft, in Dublin county, from the bay of Dublin 
to the entrance bafon of the Grand Canal in Dublin city> 

V here alfo at e a Harbour and Docks that have been improved, 
under Mr. William Jejfop; the fpring tides rife only 13 feet at 
thefe dock-gates, "in the year iboo it was propofed to 
avoid the bar at the mouth of im Lijfey^ by cutting a new 
channel or canal for fliips from Dunleary to RingHead dock ; 
it was alfo propofed to make Dalkcy found a fafe harbour, 
and to make a cut from thence to the Grand Canal bafon ; 
the bill for this purpofe was paffed by the commons, but 
was rejeded by the houfe of lords. Ormond bridge, on this 
river, was carritd away by a fl<K>d, and in September lali 
(1805,) the corporation of Dublin harbour offered pre- 
miums for the bell plans for a new bridge at this place. 

Limehouse Canal. The direction of this canal is 
about N.E. for i^ mile, in the county of Middlefex ; it is 
but little elevated above the level of the fca ; its objed is to 
ftiortcn the navigation between the Lea river and tbe port 
of London, by avoiding the circuit round the Ifle of Dogs; 
it commences in tbe river Thames near Limeboufe church, 
and terminates in the Lea river at Bromley near Bow, having 
a rife of 17I feet. This canal was cut at the expcncc of 
the city of London^ in an early part of the prefent reign, and 
its locks, which are of wood, and its other works, form a 
great contrail to the improved locks and appendages of 
modern canals. In 1773 a cut from the intended London 
and Waltham^Ahhey canal was intended to join this near 
Limeboufe chuixh. 

Limerick Canal, {Ireland). This canal was cut near 
40 years ago from the town of Leitrim to a morafs within 
a fhort diilance, for the purpofe of bringing turfs, to fup- 
ply the town of Limerick with fuel, and which by their 
chcapnefs fuperfeded in a great meafurc the ufe of coals, 
which coming by a long coaft-ways navigation were veiy 

Lt!he,ard Canal lu 1777, Mr. Edmund Leach propofed 
a canal, or rather a fyllcm of water-levels and^ inclined- 
planes, from the tide-way in the Looe river, at Sand-place 
in Morval to Bark-mill-bridge, in St. Clear ; this was pro- 
pofed to be accomplilhed by two levels of 9 and 6 miles in 
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length, (one of which, in ita fcrpentmc courfe, went w'ithin 
^ a mile of Lilkeard town,^ conne 61 ;ed with each other and 
the river below by two inclined planes for boats, the prin- 
ciples of which have been already explained; the ellimate was 
i^jjool. The objects of this navigation were the carrying 
up of lime and fta-i*and for manure, and exporting corn, 
See, 

Liverpool and RmKorn, About the year i 77 i» a furvey 
was marie by Mr. James Brindley^ for a canal from the 
town of Liverpool upon one level, to crofs the Merfey at 
Riincorn-gap, by an aqucdinSl bridge, and join the duke of 
Brid^ewahr's canal ; befidcs the great width of the Merfty 
at this place, a tide, which rifes 14 feet, was alfo to be 
ericountered. 

Jdandovery and JAanelly, In September iSoi* not’cts 
were given for an intended canal from Spitty in tiie pari/h 
of Llanelly, on the Buny river, through Llangtnnech, 
Llancdy, Landcbyc, Llaudingar, &c. to Llandovery or 
Idanyneddyvi, in the couniy of Caermarthen in South 
Wales. The ohjed^s of this canal w’tre lince accompliflied 
by the Caermdrlhenjhtre rail- way, over nearly the fame trad 
of country. 

London Canal, In July 1802, a furvey was made for a 
canal, about in a well diredion, for near 7 miles, in the 
county of Middlefex : commencing in the London Docks ^ 
(and thereby communicating with the Thames river,) to pafs 
Well’s-gardens, the mount in White-chapel road, and 
Bcthnal-grecn New road, acrofs Hackney road, through 
Middlefex -place acrofs Kingfland road, near Iron-monger’s 
alms-houfes, to pafs north of Lady. Lumlcy’a alms-houles at 
Jioxton, acrofs the city road below the turnpike-gate, acrofs 
Gofwell-ftrcct, fouth of Gofwcll-place, acrofs St. John’s- 
ilreet, north of Taylor’s brewhoufe, under the field fouth of 
tlie New-river head, over the valley at Bagnige-w^clls, acrofs 
Gray’s Inn-lane at the weft corner of the Wdfh Charity- 
fchoul, acrofs the New road to the taft comer of Bedford 
nurfer}', acrofs Tottenham court road between St. James’s 
burying-ground ai»d the New-river refervoir, paft the fronts 
of the Artichoke and Quecn’s-hcad public houfes, and 
acrofs the Edgeware road to the bafon of the Grand Junc^ 
//6»« canal at Paddington, the rife in this diftance being about 
90 feet. The great number of bridges required, the pafling 
of the field near Iflington full of water-pipes in all diredions, 
belonging to the New-river company, by an arch under 
the fame, and a large embankment or aqnedu£l bridge 
near Bagnige-wclU, were difficulties in the way of this pro- 
jeft, but to which the fubfeription for (hares (which almoft 
immediately filled to the amount of 400,000!.) would have 
been equal ; had not the inability of the Grand Jundion 
company to furniih the water neceflary for the lockage, and 
the oppofition of feveral powerful land owners, on account 
of its making (bme alterations necelTary in their building 
projefts, fruftrated the feheme altogether for the prefent. 
The weftern branch of the Grand Junaion^ of which we 
have before fpoken, was in contemplation at the time this 
canal was intended, and water was propofed to be obtained 
thereby from the Thames for this canal, the Colne millers 
having it unfortunately in their power, to prevent any being 
obtained from that river ; Mr. John Rennie^ who gauged 
the ftream of the Thames^ in tlic dry fummer of 1794, at 
Laleham (which is after it has received the main dreams of 
the Colne), fooiid 1 155 cubic feet of water to pafs in one 
fecond of time, which is 184 times what would be required 
to be taken from this river higher up near Great Marlow, 
and brouj^t bv the Grand JunBson level branches, for fup- 
plying the loc«i« of this canal, fuppofing 60 locks con- 
laming cubic feet eachf to be nfed daily* After the 


oppofing intcrefts were found too ftrong to leave any pro- 
fpedts of carrying this canal, a faint cffoit W'as made to ac- 
complilh a raihnvry^ through nearly the fame line, but with 
no better fuccefs. !n 177J, Mr. Robert Whitworth made a 
furvey for the city of London, and recommended a line of 
canal from the Lea river at Lce-bridgc, to near the fame fpot 
which the Grand JunHion bafon now occupies at Padding- 
ton : it wad intcndetl as branches call and weft of the London 
and Waltham- Alley canal. 

Londen Lynn and Norwich, In the year 1785, Mr, 
John Philips piiblifhed a thin 4to. treatife, to endeavour to 
call the public attention to a canal between the Ou/e 
river at the port of Lynn, and the J'hames river at Lime- 
houfe in London, with a branch to the Tare rivtr at Nor- 
wich. It appears tliat Mr. P, ti'avelled througli the pro- 
pofed traft of country in 1779 and 1780, but took no levels 
or other nectfrary particiilaii., yet ventures to (late, that 
he could execute this canal, 36 feet wide, and 4^ feet deep, 
for 200,o^ol. And it is held out, that 28,000 oak Trees, 
to be planted on the banks of this canal, will, in jjo yeats, 
repay all its cxpcnccs within 60.000I. In 1802 we are told 
that Mr. Ralph Dodd made an effort to revive this or a 
fimilar feheme, and wifhed to denominate it the North Lon- 
don Canal. 

London and Waltham- Alley, In the year 1773, at the in- 
ftance of yir, James Sharp ^ Mr. Robert Whitworth was employ- 
ed by the city of London to furvey the line for a canal be- 
tween the centre of the quarters in Moorfields, London, to 
the river Lea at Waltham-Abbey; a diftance of 14 miles, 
almoft in a north direiffion in the counties of Middlefex and 
Hertford ; this line was to be level (and about jo feet above 
fpring-tides in the Thames^) there was a cut of <1 of a mile, 
and 33 feet fall propofed to the Lea river at Lee bridge, 
and another of 4I milts to Wellin’s Farm near Paddington, 
with 49I feet rife ; nearly to the fame level as the Grand 
Jundion bafon now has 5 alfo another cut of near 2 miles to 
the Limehoufe canal near the church, with a fall of 42 feet 
(to the common neap tides in the Thames), The width was 
to be 60 feet, and depth 4^ feet ; in Moorfields and ncai 
Holywell Mount, large bafons were intended; between 
Stam ford-hill and Hign-crofs a very large embankment was 
neceflary, another at Hackney brook, and another at St, 
Pancras brook ; at Ponder’s end was to be a deep-cutting 
to avoid the houfes ; j 5 turnpike road-bridges, and 22 road- 
bridges of lefler fize were neceflary, the whole expence Mr, 
Whitworth eftimated to be 98,229!. In iSoa, this or a (imi- 
lar feheme feems to have been in contemplation, but to join 
the Thames near Bell-wharf in Shadwell inftcad of the Ltme^ 
boufe cut. 

Looe River. The general direAion of this navigation 
is nearly N. for about 3} miles, on the fouth coaft of Corn- 
wall, it commences at the fca near Eaft Looe, (which is a 
confidcrable town,) and terminates at Morval bridge, near 
which, at Sand-place, it was, in 1777, propofed to be joined 
by the Lt/keara canal ; its objefla are the carrying up of 
coals, and fea-iand as manure, and the export of agricultural 
products. 

Loughborough Navigation. Afi 16 Geo. HI. 

The general diredlion of this navigation is neatly S. for about 
9 miles, following the courfe of the Soar river, except in 
the laft mile, which is a new cut ; it is but little devated ; 
at the bafon, 300 yards from iu fouth end, it is joined ^ the 
line of the Lncejler navigation and by the Cl^rnwood-Foreft 
rail-way branch belonging thereto* It commences in the 
Trent river (nearly opnofite to the Erewq/h canal, and 
near to the Trent canal) near Sawley, and terminates at 
the Rufhes near the town of Loughborough, which is a 
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confiderabk place ; its obje£ls are as various as the trade of 
the 7>e«/, and tiie wants of Leiccftcr and other great towns; 
it forms alfo part of the line of communication which the 
luetcsjierjb'tre and Northamptor^ire Unton canal is to open* 
On the making of the Lekyier navigation, that company 
guaranteed the amount of the tolls on this, to amount to 
,30001. annually, on condition of no more than is. 6d. per 
ton on coals or lefs than lod. being taken by this company. 

Louth Navigation. The general direction of this na- 
vigation is nearly S.W. for 14 miles in the county of Lin- 
coin, it is but little elevated above the fca ; its objefls are 
the liipply of Louth, and the adjacent country with coals, 
deals, &c. and the export of fanning produce ; it commences 
at the fea-lock and ebb-gates in Titney Haven (at the mouth 
of the Humhtr river), and terminates at the tov 11 of Louth. 
From Titney Haven to the I^JUth river near Noith Cockcr- 
ington 9|- miles is level, and but little higher than low-water 
mark, being a new cut through a low fenny country ; thence 
to Kiddington old mill, 2 J miles, is 24 feet rife ; thcncc to the 
Leather-mill meadow, ^ of a mile, is 1 feet rife; tlience to 
Louth is ^ of a mile with 2 1 feet rife. Mr. ^ohn Grundy 
made a furvey of this line, which was revifed by Mr. ^ohn 
Smeaton^ in 1 760, the cllimate of cxpcnce being near 15,6001. 
See Smeaton^\i Reports^ vol. i. p. 23. 

Loyn e River. The general direftion of this river (fomc- 
times called the Lunc) is nearly N.E. for about 7 miles in 
the county of I^ancafter ; the tide flows through its whole 
length ; its objeft is the foreign trade of Lancafter, par- 
ticularly in cabinet-maker’s wares, a branch of tlie Ltmcajler 
canal is to connedf with it at GlafFon, where a fpacious 
wet-dock is intended. Lancafter is the 56th Britifh town 
with 9,030 inhabitants ; this river commences in the Irifh 
fca at Sunderland point, and terminates at Lancafter old 
bridge. Come diftance below Mr, Renntd% famous aqueduft 
bridge over this river. It appears, that in the year J 7 ? 9 » 
52 vciTcIs cleared out of this river for the Weft indies with 
11,669 goods in more than 90,000 packages, worth 

millions ftcrling. In Odober 1799, it was in contempla- 
tion, to conftrud a fpacious dock at Thombttfli for large 
fhips, with a canal from thence of 6 miles in length through 
GlafTon-dock, and nearly up to the town of Lancafter, to 
be wide and deep enough for the largcft vefl’els that trade to 
that place. 

Lynn River. The general diredion of this river (fomc- 
timcs called the Lenne, the Nar, or the Setchy) is nearly 
S.E. by a crooked epurfe of about 15 miles in the county 
of Norfolk ; it is not greatly elevated in any part 5 its ob- 
jeds arc the import of coals, deals, &c. and the export of 
farming produce ; Lynn is the 50th Britifh town with a po- 
pulation of 10,096 perfons, Narford is alfo a confiderable 
town ; it commences in the Great Oufe river near the harbour 
of Lynn, and terminates at the town of Narford. 

Macclesfield and Leeh, In 1796, it was faid, that a ca- 
nal between thefe places was in contemplation, with exten- 
iions thereof to the StafTordfhirc potteries, in all 29 miles, on 
which no locks were to be ufeu. Macclesfield is the 61 ft 
Britifh town with 8,743 inhabitants. 

Maidenhead and Jfieworth. In the year 1770, Meffrs. 
J^es Brindley and Robert Whitworth^ were employed by 
the city of London, to furvey the line of a canal from the 
Thames river at Ifleworth, to the fame river again below 
Bolter’s-lock near Taplow-mill, about i mile above Maiden- 
head-bridge, and at tne lower end or termination of the 
diftrid of the Thames and Ifis navigation ; the length of this 
line is 19 J miles with a rife of 7i| feet. The canal was pm- 
pofed to be 50 feet wide and 4 deep, with cuts to pc 
Thames at Windfori and near Lalcham ; in the firft 5 miles 


7 locks were to be built, and one in the remaining diftance ; 
the eftimate of cxpencc was 47,885!. A bill for this was 
brought into parliament, but the oppofition of the land- 
owners proved fatal to it ; although, as appears, by an ac- 
curate tneafurement and fedion of the river between thefe 
two points made by the above engineers (fee Gentleman*^ 
Magazine for March 1770 > length of the river- 

navigation is 37^ miles in this diftance, and greatly ob- 
ftruded by (hallows, lome only 2^ feet deep in dry feafons. 
In the year 179L this fcheine was rexived, and in 1794*. 
Meflrs, Robert IVhltfworth and Robert Mylne were employed 
to revife this line ; their defign has 1 2 miles of level at the 
upper end, and 10 df them ttraight ; the canal to be5 feet deep. 
^ he tolls at firft propofed were ^d. per ton per mile on all 
articles; out of this revenue, it was propoftd to improve the 
river navigation between Monlake and Boltcr’s-lock : and 
to raife the neceftary fums on life anuuitits, fo tliat after a 
fund was cftabliftied for repairs and management, the canal 
might at length become free for the public life. At Boltcr’i. 
lock the Reading and Maidenhead canal was propofed to- 
join this canal, by which the navigation from London weft- 
ward would have been amazingly (hortened and improved. 

Manchester Ashton and Oldham Canal. Ai^s 
3 “> 3 38, 4o» 2^^d 45 of Geo. III. — The general direftion 

of this canal is nearly E. for about 7 miles in the counties of 
Lancafter and Chellure ; its caftern end is confiderably ele- 
vated ; its objcdls are the fupply of Manchefter and Stock- 
port with coals, cannel, ftone, lime, icc. and forming part 
of the intended dircA communication between Liverpool 
Manchefter, and Hull, by means of the Huddersfield and 
other canals ; by means of its Duckenfield branch it com- 
municates with the Peak-Forefi canal. Manchefter is the 
2d Britifti town with 84,020 inhabitants, Stockport is the 
29th with 14,830 perfons, and Oldham the 35th with 
) 2,024 perfons, Afhton is alfo a confiderable town, and the 
country round about is full of inhabitants. This canal 
begins in the Rochdale canal near Piccadilly ftreet in Man- 
cheller, and terminates in the Huddersfield canal at Ducken- 
field bridge, in the parifli of A(hton underline; from Ducken- 
field bridge is a branch of J mile in length, over an aque- 
duft bridge on the Tame river at Walk-mill, into Ducken- 
field, there to join the Peak-Forejl canal. There is a branch 
of 1 mile to Afhton town, another of 3^ miles to New Mill 
in the parilh of Oldham (but %\ miles diftant from the town), 
from which laft at Boodle-wood a branch proceeds over 
Water-Houfes aquedud on the Medlock brook, to Park 
collieries at Stake-Leach near Hollingwood, alfo in the pa- 
riih of Oldham ; from Droylfden, a branch of 6 miles pro- 
ceeds to the end of the town of Stockport in Heaton-Norria 
parifh, and from this laft, a branch of 3 miles proceeds in a 
W.E. direction to Beat-Dank in Denton. The line has a 
rife of 152 feet between the Rochdale and Huddersfield canals* 
This canal is 33 feet wide at top, 15 feet at bottom, and 5 
feet deep in water, except the fummit pound which is made 
6 feet deep to ad as a refervoir ; the locks arc 80 feet long, 
and the boats carry 25 tons ; there arc three confideraHe 
aqueduds at Duckenfield, Ancoats, and at Water-Houfes. 
This company were authorifed by their firft 4 ads to raife 
170,000!., and a further fum by the late ad; amount of 
(hares lool. The line of this canal was completed between 
Manchefter and Afliton about the end of the year 1796, 
and in January 1797, the Stockport branch was opened ; 
feme of the works on this canal fuffered by a Hood in 
Auguft 1799. The rates of tonnage arc given in Philips^ % 
4to. Hifiory^ jlfpendixj p. 2i. In 1802, we were told, that 
the (hares in this concern were 2ol« below par. 
Mavchester Bolton and Bury Canal. AAtsu 
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and 41 of Geo. 111 .— ‘The general direftion of this canal » 
N. W. for about 1 1 miles in the county of Lancallcr ; its 
noTthern end is confidcrably elevated ; its obje^s are a com* 
munication between the great manufadturing towns of Man- 
cheilcr, Dolton, and Bury, and the carriage of conU and 
other articles for their fupply, and forming part of the Hue 
of communication between Mancheiler and the I*eeds and 
Liverpool canal. Mancheiler is the 2d Britifh town v/ith 
84,020 inhabitants, Bolton is the 32d with 12,592 perfons, 
and Bury the 84th with 7,072 perfons. This canal com- 
mences in the Merfey and Irvoeil navigation near the jundlion 
of Medlock brook (by which it communicates with Bridge- 
*iiHiter\ canal near the beginning of the Rochdale) at Man- 
cheiler, and terminates at the town of Bolton, it has a 
branch of 4 miles in length to the HoJlitv*den canal at the 
town of Bury. From the Merfey and Irwell navigation, is 
a rife of feveral locks to the bafon in Salford parilh ; thence 
for about 4 miles is level ; in the next 3 miles are 1 2 locks, 
the remainder of the line is level, including the branch to 
Bury; the whole rife is 187 feet. Previous to 1794, this 
canal was begun, and feveral locks were built for narrow boats, 
hut on account of the branches connedling with wide canals 
which were propofed about that time, thefe were pulled up 
and rebuilt, and the canal widened, including fome expenfive 
deep'CUiting and embanking ; a want of Ikill or care ap- 
peared alfo, wc are told, in the fetting out of this canal by 
cutting deep through rocky ground whicli might have been 
avoided. There are two aquedudl bridges over the Irwell 
at Clifton-Hall and near Stocks, and one over the Leven at 
Jjong-fold, thefe arc faid to be 20, 16, and 10 yards high ; 
the canal was, in 1799, fupplied by a feeder from the 
Irwcll at Bury, but in 1802, a refervoir and feeder alfo was 
found neceffary in RadchfTe parilh. In 1797, this canal was 
completed to Bolton, except the locks to conned with the 
Merfey and Irwell navigation; on the 17th of Auguft, 1799, 
a great flood happened, which carried away the lower bank 
of this canal for 100 yards together on the fummit-lcvcl, and 
another breach therein alfo happened, by which the naviga- 
tion to Bolton, &c. was fome time interrupted. This com- 
pany were authorifed by their firll ad to raife 97,000!., and 
a further fiim by the late ad. The rates of tonnage are for 
coals, limc-llone, Hone, bricks, clay, &c. 2d. per ton per 
mile, if they pafs a lock ; but all thefe, except lime-ilone, are 
to pafs on the levels for ^d. per ton per mile ; and when the 
water runs wafte at the locks, limc-llonc is alfo to pay only 
on any part ; the tonnage at the entrance of the Merfey 
and Irwell navigation is alfo regulated by the firft ad. 
Paffage-boats from Bolton to near Manchefter are efta- 
blilhed; but when water has been fcarcc, the paffengers 
have been required to walk pall the locks to another boat on 
the lower pound to avoid the Wcifte of lockage-water. 
About the year 1794, it was in contemplation to make 
a branch well ward from Bolton, to conned with the Leeds 
and Liverpool canal at Red Mofs near to Wigan, and to 
make a grand extcnfion of the Bury branch eadward to the 
Caltler and Hcbble navigation at Sowerby-bridge, palling the 
grand-ridge between Littleborough and Rippondalc by a 
tunnel of 5 miles in length 1 after palling a Ihorter tunnel of 
^ a mile at lower Lomax near Heyford. In 1796, it was 
propofed to extend a branch from the bafon in Salford parilh 
to Oldfield-Lanc in that town ; and, in 1799, itrwas in con- 
templation to build an aquedud bridge over the Irwcll, and 
conned this canal with B ridge water\ canal, inllcad of lock- 
ing down into the Merfey and Irwell navigation. 

Market-Weighton Canal, Ad 12 Geo. III. — The 
general diredion of this canal is nearly N. fur about 1 1 miles 
w the £aft Ridixig of Yorklhire ; it has but littk elevation 


above the fea ; its objedj are tr/’ cf.r.vcyance of coals, deals, 
8cc, to Market- Weighton a»ui tli'* lurrounding countiy, the 
export of farming produd.% uul tlie better drainage of the 
fen lands through which it oalfcj ; it commences in the tide- 
way in the Humber river (oppojite to the Trent river) at 
Fofdyke-Clough, and tcnnii:at»»3 n ar Market- Weighton. 
It has a fea-lock next the iiun:htf’% from whence it is level 
to within a fliort dillance of its northern end, where id a rife 
of 4 or 5 locks. Mr. ^olm Emea'nn was confulted on thiii 
line of canal and drainage, m at which tim«' a branch 

of this canal to Focklington wa.; )n contemplation ; for the. 
rates of tonnage, fee PhilDpd % 410. llflory^ p, 270. This 
navigation was completed foou after the pafling of the 
ad, 

Mawgan Canal. About the year 1775, a narrow canal 
was cut of 6 or 7 miles in length : from Port Mawgan near 
Trenance on the N W. coall of Com v\ all, to within .3 miles 
of St. Columb Major, it was intended for bringing up coals 
and I’ea-fand for manure, and for caiiying down china-lloiic 
and clay, fubllances found in St. D.mujis and St. Stephens^ 
and ufed in the Siaffordfhire potteries ; but after feveral of the 
adventurers were ruined, the fclieme was totally abandoned. 

Medina River. The dirediion of this navigation is 
fouth, and nearl) llraight for 4 tj miles, in the Ifle of Wight in 
Hampfhire ; tlic tide flows through its whole length ; its 
objed is the fupply of Newport and the central parts of 
the ifland with coals and other articles ; it commences at 
Cowes harbour (oppofite Southampton IPater)^ and terminates 
at Newport bridge. 

Mfuway River {lower diJlrUt.) Ads 32 and 42 of 
Geo. III. — The general diredion of this navigation is nearly 
S.W. for about 27 miles by a bending courfe in the county 
of Kent ; it is but little elevated in any part ; its objeds 
are the import of coals, deals, and other articles, and the 
export of Kentifh-Rag limc-flone, fullers-earth, farming* 
produce, 5 cc. near its northern termination, it conneds with 
the call Swale or tide-way paflage, of about 1 e miles in 
length fouth of Sheppy ifland, conneding with the Thames 
near Whitftable ; and, at Nicholfon’s (hip-yard in Strood it iaf 
joined by the Thames and Medway canal. Chatham is the 
46th Britiih town with a population of 10,505 perfonsy 
Maidllone is the 66th with 8,027 perfons, and Rochefler is 
the 90th with 6,817 perfons, Sheernefs, Queenborough^ 
and Milton, are confidcrable towns on or near this naviga- 
tion, which commences in the river Thames at the Nore» 
and terminates in the upper Medway navigation at Maid- 
done bridge. Over this river at Rocheder, there is a done 
bridge of ii arches and 550 feet long. At Chatham is a 
very conflderable naval arfenal. The powers of the above 
ads for repairing and levying of tolls, extend no further 
down this river than from Maiddone to the tide-way at 
Aylresford bridge. 

Medway River {upper diftriS.) The general diredion 
of this part of the river is S.W. for about 12 miles in the 
county of Kent ; it is not much elevated in any part ; its 
objeds are the import of coals, deals, See. and export of 
lime- (lone, fuUers-earth, farming-produce, &c. befidcs Maid- 
done, mentioned above, Tunbrioge is the only confiderable 
town on this line ; it commences in the lower Medway na- 
vigation and terminates at the town of Tunbridge. In 
1802, the Medway and Bother canal was propofed to con- 
ned with this river at Yalden-lees. 

Medway and Bother. In the year 1801, a. furvey and 
edimate vi^s made by Mr. Snthsrlandf for a canal from the 
Rothn^ river intended navigable branch at Small-Hithe, to 
the Siowthtt at Canterbury (at the S. end of the propofed 
Canterbury and Nkholiu-bay canal)| with a branch thereof 
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to the Medway river at Yaldcn-lecs, through the counties of 
Suflex and Kent ; its obje£^8 were the fupply of the interior 
country with coals and other articles, the export of timber and 
farming produ^s, and forming a communication betwe^’n the 
fouth coaft at Rye^iarbour and thcThanies river, &c. Forty- 
Ion boats were intended to be ufed, and the canal to be 4 
feet deep* The fummit was found to be about loo feet 
above the fea^ and nearly 50 miles of the line was to be upon 
one level. 

Menai Steeight. This (Ireight feparates Anglefea 
ifle from North Wales, and has nearly a N.E. direction fi)r 
about 16 milesi through which the tide flows; it extends 
from Caernarvon bay at Abcrmcnai berry to Lavan Sands ; 
Caernarvon and Bangor arc ronfidcrablc towns on this line. 
In 1801, and 1892, it was in contemplation to build a call- 
iron bridge over this ftrcigjit at S welly rocks near Porthac- 
thavy Ferry not far from Bangor. 

Mersey and Irwell Navigation. A6ls 7 Geo. 1. 
and 34 Geo. III.— The general direction of tliis navigation 
is nearly call, by a crooked courfe of 50 miles in the county 
of Lancader, and fkirting the county of Chetter ; the firll 
20 miles being by a mod fpacious cduary of the Merfry river ; 
it is not greatly elevated in any part ; its objects arc mod 
important, particularly in the immtnfc trade between Liver- 
pool and Mancheder, and Hull, alfo by four different routes 
acrofs the grand-ridge; the navigations immediately connect- 
ing therewith arc, at Ellefmerc-port in Netherpool, where it 
is joined by the FAlefmere canal ; at Wtdon by the Weaver 
river; at Runcorn-Gap, and again at Manclufter (by the 
Medlock Brook), by Bridgewater's canal, befides being 
eroded thereby on Barton aquccluft ; at Fidlcrs-ferr}s and 
alfo at Sankey Bror^k, by tlie Sanhey canal ; and at Man- 
cheder, near the junftion of Medlock Brook, by the Man^ 
ehejier Bolton and Bury canal : befides which, the following 
commence very near to this navigation, although they do not 
adlually lock down into it : via. the Leeds and LiverpooU at 
the bafon in Liverpool, the Frent and Merfiy^ Piettoii 
Brook, and the Rochdale^ at Manchcllcr; to which alfo the 
Manchefler AJhton and Oldham ought to he added, although 
a very Ihort fpace of two other navigatioiis mud be pafl-d 
through before you can reach the Irwell thcrefrorr. M<in- 
cheder is the 2d Brilifli town, witli a population ot tS^jOio 
perfons; Idvcipool is the /jfh, with 77/^'!^ jKrfonp; and 
Warrington is tlie IJtli, with io,''/)7 pctlonH. This navi- 
gation commences in the Irifh Sea, .it Wallav.y, about j 
miles below Liverpool, and lennii:ates at tin bridge between 
Mancheder and Salford : but the powcis of the to im- 

proving the river and colicv ving the InlKs, at lirll extended no 
lower tlv.in Bank-key, near Warrington, and Ihice to kiV'.'o’ U 
ebap. The wiudiug courfe of the rc.ei has Ihcu Ihoucued 
lu icvcral places by rule-cuts acrofs the loops, aud and 

wears have been erected in fevcral places, the rife in the vvliolc 
length being about 70 ft .t ; ihcfc rivers are fiihjoil to fuddtn 
and violent floods, which have at times dedroyed ftvcral of 
the navigation v.^orks ; in Augud 1H04 a new fjdc-cut was 
completed, fer fliortciiing the courfe of the navigation, and 
avoiding the (hallows in the river; between Warrington and 
Runcorn Gap it ci^offes the Satihey canal. *1 he famous w'ct- 
docks at Livcrpix'l arc an appendage to the Merfcy navi- 
gation, and arc indeed a part of th?t river, from not bcnig 
excavated in folid ground, where htuifes formerly uood, as 
they did on tlic iite of the London Docks ; but all of them, 
except the old Dock, which was a natural creek or pool, 
have been formed in the front of the town, by embankments 
in the river, which is here J* of a mile wide. At the lower 
or northern end of thefe docks, as wc viewed them m 1797, 
U a large inlet or waUed tidc*bafon, which connects wUh the 


river, and is'dry at low water, from the S.E. comer of this 
is the entrance of St* George's Docif which was the third large 
dock that was made, and is nearly a parallelogram, of a 50 
yards long and 100 wide, its quay being 670 yards long, its 
gates arc 25 feet high and 38 feet wide, and it coll about 
21,000!. Faffing foutherly, we next arrive at a dry bafon 
and wharf, called tlie old quay, for the flatis or veffels be- 
longing to the Merfi'y and Jt'well company, which are about 
32 in number ; and fotne dillancc fouth of this is another 
large inlet to a fpneiouR dry bafon for (hips: from the north 
ctid of this bafon arc other gales into St* George's Dochi 
above ment oned, and (liaiglit forwards is the entrance to the 
Old Dock* or the firft that was built, and is wholly within the 
town ; this dock forms an irregular parallelogram, of 200 
yards long and about So yards wide, its gates being 23 feet 
high and 34 ftet wid.- ; it is lined with bricks, but all the 
other dock, biifon, and pier walls arc of beautiful hewn ftone. 
From the fourii-eall ruiiier oF the laft deferibed dry-bafoii is 
the entrance to SahJ/rw/e Dork* which was the fecond madct 
is an irregular ti apt zimu, of 21 .928 yards in area, and has 
640 yards in length of quay, tts gates being ^3 feet high and 
34 feet wide. A coufiderable dillaucc fouth of the lull diy- 
bafon is an inlet to a fmall wet-dock which belonged to the 
late duke of Bridgcziuitrr* and is ufed by the flatis which tinde 
between Mauchefler and Liverpool, by Bridgewater's canal, 
thefe carry 50 tons, and 42 of them belonged to his grace. 
Proceeding further along the fliorc fiiuthward, wc arrive at 
another inlet and dry-bafoiu from the north fide of which is 
the entrance to the KInfs Dock, the fourth which was made 
(being finiflu'd in 1788), and is a regular paralklog ram, of 
290 yaids long and 90 wide, the gates thereof being 25 feet 
high and 42 ktt w’idc. From the head, or call end of the 
lall dry-bafon is the entrance to the Queen's Dork, wdneh was 
ilu* fifth and lafl that was made, bring alfo iht lavgcll and 
mod complete of the whole, its length is 270 yards, breadth 
i jo, its gates 25 feet high and 42 ftet w ide, .and it coll about 
25 ,ood 1. An attempt was made to form a dock in the fite 
of the old Dork, as long ago as 1561, but it was not until 
the year 1710 that the firll a( 5 l was obtained, of which’lherc 
are fcvrral, for building anti regulating the prefent docks, 
in 1 799 application was made again to parliament for powers 
to budd two more large docks, one of them more northtily 
I’lan any of thofc wc have deferibed, and the other in froiit 
of Salt 'Uoufe dock. The w'holc extent of thrfc dotks rmd 
quayi will ilicn be neariy 2 n.ilrs by tlic fide of the iTiV/j/n’ / 
With the two drybalons lall deferibed, fevcral conver.ient 
graving-docks conned, for the building or repair ot ihips, 
iome of the latter are long tucugh to hold three fliips in 
lengih. Tiie Ipace between the-lc graving-docks and lu 
front of the docks, principally occupied by timber-yards. 
The draw-bridges over the cntiancts to fomc ot thefe docks 
are among the largell and moll complete in England: Mr. 
Morris creded and has the care of them and the docks. On 
the fouth fide of the King's Dock ib a fpacious warehoufe 2 1 o 
feet long and 180 wide, for tobacco, ot which it w’illcoiUiim 
7000 hogfhtads. The fpring-tides here rife 2i feet, but the 
neap-tidc^s only i 2 feet, on which account large (hips cannot 
enter or leave thefe docks for fome days during the lowclt 
tides. Fires and frnokmg of tobacco are on no account 
allowed on board of fhips in thefe docks, nor lighted candles, 
except in proper lantuorns, and no gunpowder is allow^cd on 
board ; by a ftridl attention to which rules, no fire has ever 

a cned ill thefe docks. In the year 179? thefe 

s Amounted to upwards of 13,300!. annually, and their 
yearly expcnccs to 5,100 1, but a debt of 1 13,419 b ftill re- 
mained on them • for many of the above particulars wc arc 
indebted to W, Mofs's Liverpool Guide. In the year 1737 
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Worfley Brook was intcnJcd (and an a6t pafTcd lo Geo. II.) 
to be made navigable; and, in J75^» ^ branch of Bridge* 
nvater\ canal was intended to join at Hollin Ferry* but 
neither of thefe has been executed. In 1771 yir. yamci 
Brindley propofed an aqnedu6I-bridge over the tftuary of the 
Mer/ey river, for the ufe of the intended Liverpool and Run- 
corn canal ; and in 1801 Mr. Ralp/j Dodd tried to ptrfiiadc 
the adoption of a road-bridge over the fame at Caftle Rock 
near this place, 412 yards long, which he ftated might be 
built for 47,oool. In 1799 it was fuggefted that a tunnel 
might be made under the Merfry at Liverpool to theoppofite 
(bore in Chefhire, f of a mile ; in the fame year it was in 
contemplation to build an aqiiedii£l; over the Irwcll, for the 
ufe of the Mamhtjler Bolton and Bury canal, to enable it to 
join canal ; and in 1804 it was propofed to 

biing the Weaver navigation to Weilon Point on this navi- 
gation, by a new lide-cut, near that river from Frodfham, to 
avoid the fliallows near the jun£lion of the rivers. In 17158 
the price of carriage on this navigation, between Liverpool 
and Manchefler was 1 2 s. per ton, but on the completion of 
Bridgewater^ canal it fell to 68. per ton. 

Milford IlAvrN. This famous cfluary and harbour 
for large Onps, has nearly an eaft courfe, for about 17 miles, 
in the county of Pembroke, in South Walts, commencing in 
St. George's channel, and terminating near Landfliippiug 
ferry, where it is joined by the Dougledge and Clelhy rivers : 
it has alfo creeks or branches extending to Pembroke, to 
near Carew Caftle, to Crefwtll, to Nangle, &c. 

Monk LAND Canal. The general aire£lion of this canal 
is nearly caft, for about i miles in the county of Lanerk 
in Scotland, its eaftern tnd is confiderably elevated ; its ob- 
je£ls are the fupply of Glafgow, Paifley, ic. with coals from 
Monkland collieries, and the export of farming produds. 
It commences i” the bafon of the branch of the Forth and 
Clyde canal, and thereby communicates with the Clyde river, 
and the ESnburgh and Glafgow canal. Glafgow is the 5th 
Eritifh town, with a popubtion of 771385 perfons. In 1803 
the Glafgow and Saltcoats canal was propofed to conned with 
this at Glafgow. 

Monmouthshire Canal. Ads 3a, 37, and 42 of 
Geo. TIL — The general direflion of this compound of canals 
and raiUways is nearly north, for j 7^^ miles, in the counties 
of Monmouth, and Brecknock in South Wales; its northern 
ends arc very greatly tlevalcd ; its objed is the export of 
coals, lime, and iron from the country through which it 
pafles ; near Pontypool it is joined by the Brecknock and 
jibergavenny canal, at Pilb Gwenlly it joins to the Sirbowy 
tram-road (by means of the river), and at Count-y-Billa 
farm, and at Rifca, it joins the fame again by different 
branches belonging to this company, Newport and Pooty- 
pool are conftderable towns on this line. This canal com- 
mences in the tide- way of the Ujke riwcVf near to the Severn, at 
Pill-Gwerilly, and terminates by a rail-way extenlion at Blaen- 
Afon iron furnaces, having alfo a principal branch of canal 
from the line at Cryiida-Farm, near Malpas, and continued 
by a rail' way to Beaufort iron-works, 21 miles: from this 
branch are rail-way branches to Sorwy furnace, i| mile, to 
Nant-y*glo works, 6| miles, and another to the Sirhowy 
tram-road at Rifca : from the line near Pontypool is a rail- 
way branch, 1 mile, to Tronfnant furnace, and another, of ^ 
a mile, to Biaen-Dir furnace* From the l^e river to Pont- 
Newydd, 12} miles, is a rife of 447 feet hj the canal, and 
thence to Blaen-Afon, 5I miles, is a rife ot 6 to feet by the 
rail-way : from Cryuda-Farm to Crumlin bridge the canal 
branch rifes 358 feet in 1 x milei ; thence for 3 miles to the 
mil-way bridge over Ebwy river, 3 miles, the rail- way has a 
rife of X39 feet| and thence to Beaufoiti 7 miles, it hai a rife 


of 480 fret ; the Nant-y-g 1 o branch has a rife of 51S feet, 
along the fide of Ebwy-Frach river. The locks are 60 feet 
long and 10 lect wide, their paddle-holes are, in feme of them, 
united in the breaft of the lock, and no (heet-piling, nr in- 
verted arch has been made below the lower gates. Much deep- 
cutting and embankments have here been neceflary, to obtain 
the proper Hopes for the rail-ways and inclined planes. Mr, 
Thomas Dadford jwn* is the engineer: in February 1796 the 
canal was completed from the U/ke to Pontypool, and in the 
fame year the Beaufort branch was completed. This com- 
pany were authorifed by their different ad^s to raife 275,330!, 
in tool, (hares; in 1802 thefe divided 2I. 12s. 6d. each an- 
nually ; it is provided, that after the profits amount to 10 
per cent, and icool. is accumulated as a fund, the tolls 
are to be reduced, ftrft on coals, fo as to keep the profits 
within that amount. The tolls and exemptions are various, 
and may be confulted in Phillips's 4to. nijorj. Appendix^ 
p. 18 and 19, where tolls are fpecified for cattle palling on 
the rail-ways. Nine miles of the Sirhowy tram-road was 
made by this company, who receive the tolls thereof, as alfo 
iiol. per annum from that company, on account of the 
jundlions therewith : to the Brecknock and Abergavenny com- 
pany this company paid the fum of 3000 1. for the benefit of 
their jiinftion herewith, and their taking the fame tolls only 
on goods pafling on it from this canal as arc charged bercon» 
Rail- way branches may be made to any works within 8 miles 
of this canal or its branches. In the year 1805 it was pro- 
pofed to continue this canal lower down the UJke river, to 
avoid its imperfeft navigation. 

Montgomeryshire Canal. Adi 34 Geo. III. — The 
general direft ion of this canal is nearly S.JV. for 27 miles in 
the county of Salop and of Montgomery in North Wales ; 
it is confiderably elevated, particularly its fouthern end ; its 
objedls are the fupply of the country with lime, the export 
of its farming produtis and of coals, flate, frcc-ftonc, iron, 
lead, &c. from different parts near the line : it connedis with 
the Severn river at Wclfhpool. Welfhpool, Montgomery, 
and Newton are confidcrable towns on or near this canal : it 
commences in the Llanymynach branch of Ellefmere canal, at 
Portvwain lime-works in J..lanyblodwell, and uniting with 
the lame again near Verniew river in Llanymynach, it termi- 
nates at Newtown ; it has a cut of 34 miles to the Severn river 
at Wclfhpool and to Guilbfield. From the Elle/merehr^xicYi 
to Newtown is a lockage of 225 feet : the Guilsfield cut is 
level. Mr. Thomas Dadfordyxn, is the engineer. In Auguff 
1797, 16 miles of the canal were finillied and opened from the 
Ellefmere branch to Garthmill near Berriew. The company 
were authorifed to raife 92,000!. ; the amount of each lharc 
lool. The water of Lledan J^rook is to be taken to fupply 
thiscanalfor 24 hours weekly, from Saturday to Sunday even- 
ing ; the company are bound to purchafe certain mills, if 
their trade is injured by the canal : and certain creditors on 
turnpike tolls near the canal are alfo indemnified : the profits 
arc not to exceed JO per cent, but the tonnage is to be re- 
duced, but not fo as to bring the profits below 8 per cent, : 
the rates of tonnage and exemptions arc various ; fee PhtU 
Ups's 4to. Hiflory, Appendix, p. 151 and 132 . About the 
year 1794 the Welfhpool and Leominjler canal was propofed to 
join this near Welthpool. 

Neath Canal. Adts 31 and 38 Geo. III.— The general 
diredlion of this canal is nearly N*W. for about 14 miles in 
the county of Glamorgan in South Wales ; and its northern 
end is confiderably elevated; its objedt is the export of 
coals, iron, lime-ftone, &c, from the mines and works near 
the Ibe $ which commences in the tide-way of the Kcestb 
river, at Giants-grave pill in Briton’s-Feny, and tenninatea 
in the Aberdan raiUway branch^ at Abemant near Fumo 
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Vaugb.ui; being joined near Bilton’s Teny, in the Neath 
river, by the Nc^u Ciafclcdm], Neath is the only confidcr- 
able town on this line ; n'‘ai Merlin’s Court is an aqueduA 
over the Neath river. This company were amhorifed to 
iraifc authoiifcd to make rail vvay branches 

to any place within 4 miles of tlie line, by conknt of the 
land-owners. In 1798 this canal was nearly finifhed, except 
about two miles at the lower end. Heie is a lingular pro- 
vifion, that the rates of warchouk-room are to be the fame 
as are charged by the Staler djVire and Wcncjhr company at 
the Stourport warchoufes. 

Neath River. The general dirc£l ion of thi*^ navigation 
is nearly N. for about 4 miles in the county of Glamorgan, 
in South Wales : the tide flows through its whole length 
from Swanfea bay to Ncr.th bridge *, at Giants grave pill near 
Briton’s Ferry it is joined by the Neath canal, and near 
Briton’s Ferry by the Ne^ Chapd canal ; its chief olucfls 
are the fupply and trade of Neath, and the export ot the 
coals and iron brought clown by the canals. 

Nen River [lo<iVer dyirid*) Adis Geo. U., and 34 of 
Geo. IIL— The general dircclion of this navigation is about 
S.W. by a very crooked courle of nearly 75 miles in the 
counties of Cambridge and Huntington, and flciiting thofe 
of Lincoln and Northampton ; this is by what appears to 
have been its ancient courfc through the Fens, beginning 
in the tide-way at Peter’s point about 9 miles below Wil- 
beach, palling that towui, where is a bridge built of (lone with 
one flat femi-elliptic arch of 70 feet fpan ; and turning foiith- 
caftvvard by an ancient courfe (which is now rendered ufelcfs 
to navigators by the Wtfheach canal, which joins this river at 
Wilbeach and again at Outwcll), to Outwell and Apwell, 
thence to March andEenwick, thence through Ramfey, Ugg, 
and Whittlefca Mcers, through Horfey-bridge, and Stand- 
ground fluice to Peterborough, and thence by the reguhr 
channel of this river to the commencement of the upper Nen 
navigation at Thrapflon ; in after times, a navigable courfe 
has been opened, for part of the waters of this river through 
Well-Creek, about 5 miles in length, from near Outwcll- 
church to the Great Oufe river at Salter’s- Loa<| ; another 
from Standground ( i ^ mile below Peterborough^ through 
Catt-Watcr and Shire Drain of about 24 miles in length to 
the Nen river again at Gunthorpc-lluicc (about 6^ miles 
below Wilbeach ), this lall having a cut of about % miles in 
length from it into the old Welland river near Crowland ; 
in 1490, bifliop Moreton cut a new ftraight courfe 40 feet 
wide and 13 miles long, called Morcton’s Leaini for a part 
of thefe waters, from Standground Iluicc (about 2 miles 
below Peterborough) to near Giiyhirnc, and thence 3 miles 
by an old channel to the Nen again near Wifbcach ; alfo, at 
Benwick this river is joined by the Benwick-Mccrc brancli, 
of the Great Oufe river. The above will fcryc to give feme 
idea of the principal lines of navigation belonging^ to this river 
through this furprizing country ; but as all the rivers, and all 
drains almolUn the fens arc embanked on both (Ides, undo wing 
to the deficiency of fall are almoft ftill water, there are a great 
number of fmallcr navigable branches intcrfcdliiig and croff- 
ing each other in all diredlions, fo that it would be in vain 
for us to attempt to deferibe them. The powers of the 
commiifioncrs under the above afts, extend only a^ut 30 
miles downwards to Peterborough bridge ; the navigations 
through the fens are preferved by the fen corporation in 
maintaining their drainage works. In I72i» Mr. Nathaniel 
Kinderley recommended the cutting of a new channel or out- 
fall for this river (as has been fince fucceffively praAifcd by 
him on the Dee river at Chefter) from the mouth of Shirc- 
drain at Gunthorpc-fluice ftraight along the N.W. fliorc for 
z miles to Pctcr^s point ; and the wort was beguni but the 
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millakcn notions of the people of Wilbeach then, and till 
lately, prevented its completion ; we arc glad, however, to 
hear, that the fame is likely now to be (oon accoruphlhcd, 
and a greater depth of water obtained in this river, and 
through Crof‘*-keys wafli to Lynn and Bofton deeps. By 
the ad for Wijleach canal 34 Geo. III., all veflels paffing 
out of or into that canal from the Nen are to pay 3d. pci 
ton, out of which iodI. is to be paid annually to the coni- 
miflioners under the above ads for improving this river abo^c 
Peterborough, and the remainder is to be applied to deepen- 
ing and improving the fame between the Wi/heach canal at 
Outwcll and the Oufe river at Saltcrs-I.oad. Boats which 
have paid the above toll are to pafs toll free at Salters Load, 
and Standground fliiices on this river. 

Nen River, [upper difriLh) The general diredion of 
this navigation is nearly S.W. for about 23 miles, in North - 
amptonfliirc : it is not greatly elevated ; its objeds arc the 
fupply of Northampton and the furrounding country with 
coals, deals, &c. and the export of agricultural produdiotin. 
The communication between Lynn, London, Liverpool, 
Manchefter, &c. which it now elTcds is alfo important. 
Northampton is the 85th Britifh town with a population of 
7,020 perfons, Wellingborough, Thrapflon, and Higham- 
Ferrers, are alfo confiderable towns on or near this river; it 
commences in the lower Nen navigation at Thrapflon, and 
terminates at the rail-way branch of the Grand yunSion ca- 
nal at the town of Northampton, where alfo it is to be joined 
by the Leicejlerjbire and Northamptonjhire Union canal. I’hix 
navigation has been improved by a great number of fide-cuts 
and pound-locks by the fide of the river in different places ; 
it was completed and opened to Northampton on the ytli of 
Augull 1761. About the year 1793, the Leicejicr and 
London canal was propofed to crofs this river near Welling- 
borough. 

Newark and Bottesford, In the year 1/93* a canal was 
intended from the Dean river at Newark to the long level of 
the Grantham canal at Stainwith, pafTing near the town of 
Bottesford. In the Grantham^ ad 33 Geo. III., the tolls 
are provided that are to be paid at the jundion of thefe ca- 
nals, if this is ever executed. 

Newcajlle and Carlifle, In the year 179c, VLr IVilham 
Chapman fiirvcycd the line for a canal from the Tyne river at 
Ncwcaftle to the Eden river at Carlifle, through Durham, 
Northumberland, and Cumberland, croffing the grand-ridge 
for a connedion between the eatt and weft fcas ; and having 
a collateral branch of narrow canal and ir* dined- planes to the 
elevated mining diflrids of Wcardalc ac.d Tcefdalc forefts, 
&c. the cilimate being 353,067!. On the rejedion or fuf- 
penfion of this feheme, a canal from Newcajlle to Haydon* 
bridge waa propofed as below, 

Newcajlle and Haydon*B ridge. In 179^1 again io 
March 1802, it was in contemplation to make a canal nearly 
following the courfe of the Tyne river, between Newcalllc 
and Haydon, in Northumberland and Durham. 

Newcajlle and Maryport, Some years previous to i8oi, 
a canal was projeded between the tide-way in Maryport 
harbour and the Tyne river at Ncwcaftle, crolTing the grand 
ridge, and pafling between the two fcas, though Cumberland 
and Durham counties : a bill for the fame was brought into 
parliament, but rejeded, owing to the oppofition that the 
ikvourers of another feheme gave to it : in 180J, the feheme 
was again revived, but nothing effeduai has been done 
towards its adoption. 

NsyvcASTLE (underdine) Canal. Aft 35 Geo. IIL — 
The g/eneral direaion of this navigation is nearly weft, by a 
very oending courfe of 3 miles, in the county of Staf- 
ford : its objefts are the bringing of Caldon lime for manure. 
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and the export of coils and farming produfti i it is confidcr- 
ably elevated. Newcaftle is a confiderablc town, and its 
neighbourhood very populous. This canal commences in 
the Trent and Merfey canal (near to the end of the Caldon 
branch) at Quinton's Wood, in Stoke, and terminates in 
the Ne*mccjlle underdine JunQion^ at the fouth-eail comer of 
Newcaftle town. It was completed in a (hort time after 
the aA was obtained, the company being authorifed to raife 
lo.cool. ; the amount of fhares therein is only 50 1. each. 
The rates of tonnage and wharfage arc on coals, lime-ftone, 
and iron-ftone lid. per ton per mile, on all other goods 2d. 
er ton per mile, but for lefs than a ton of any article in a 
oat 6d. Between December and the ift of April this 
company may take flood waters from the Trent river. 

Newcastle (jinderdine) Junction Canal .^58 

Geo. II L— The general direction of this canal is about N.W. 
for a (hort diftance, in two detached parte, in the county of 
Stafford : its w^eftern ends are much elevated, and terminate 
near the grand ridge on its caftern fide : its object is the 
export of coals and agricultural produce. Newcaftle is a 
conlidcrable town on its line. It commences in the Nemf- 
cqflle^underdine canal, at the S. E. corner of that town, and 
terminates its eaftern part in the canal of Sir Nigel Bowyer 
Grejley^ near the S.W. comer of the town ; its wcftcrii 
part commences in GreJUy*^ canal above mentioned, near 
Aped ale, and extends to Partridgc-Ncft collieries, with a 
branch to BignchEnd collieries. This company were au- 
thorifed to raife 1 3,000 1 ., the amount of their (hares being 
t^ol. only; provifion is made in the aA for inclined planes 
and water-levels, or rail-ways, with engines to raife water or 
draw trams, &c. in cafe any of thefe (hould be found more 
eligible than a canal with locks, in any part. Plcafurc boats 
to pay for 6 tons if they pafs any lock. In 1796, the Com^ 
tnercial canal, for 40 ton boats, between the uijhly and 
Chejler canals, was propofed to occupy or pafs through the 
line of this canal, when enlarged. 

New Chapel Canal. The general dirc£lion of this 
canal is eaft, by a bending courfe of about 3^ miles, in the 
county of Glamorgan, in South Wales ; the greater part of 
it is cut through a morafa, but little above the level of the 
tide-way in which it commences, in the river Neath^ near 
Briton's Ferry (near the entrance of the Neath canal), and 
terminates at New Chapel, near Swanfey : it is the folc pro- 
erty of the owner of the land, and for whofe improvement, 
y draining and otherwife, it was principally undertaken. 
Newport and Stone. In June 1797, it was propofed to 
make a canal from the Donnington Wood canal (the marquis 
of Stnford^s) at Pavc-lane, near Newport, by Eccle(hall, to 
the Trent and Merfey canal, near Stone, a courfc of about x8 
miles, in the counties of Salop and Stafford, croifing the 
grand-ridge ; a branch w^as propofed to Market- Dray ton : 
its obje£l was the opening of a dire6i communication between 
Shrew(bury, and other places on or near the upper parts of 
the Severn^ and the Trent and Merfey canal, for fupplying 
the intermediate country with coals and lime, dec. In i 705, 
the Tern hrtdge and Wtnsford canal was propofed, and intend- 
ed to pafs through nearly the fame ground as the middle parts 
of this canal; as was alfo the Sandbach on an other oc- 
cafion. 

Newry Canal {Irelandy This canal, from the tide- 
way at Fadbam point to the town of Newry, was completed 
under the diredionof Mr. Golborne^ in February 1761, after 
being two years in hand, by which brigs of 80 or 200 tons 
burthen can come up to Newiy ; it was intended to extend 
this to the Blaekwater navigation, for conveying the Dun- 
gannon and Drumglafs coals to Dublin ; and the Iri(h par- 
Uament, between i7,;,3 and 177 19 granted different fumsof 
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the public money for tins purpolc, amounting to xx,434K 
but the work then was far from being completed. 

Nith River, The courfe of this river (fometimes 
called the Nid) is ncaily north for about 9 miles, between 
Dumfries and Kirkcudbright counties, in Scotland; the 
tide flows through its whole length, and its objed is the 
fupjply of Dumfries, (the 79th Briti(h town, with 7,288 
pcrlons); it commences in Solway Firth, and terminates at 
Dumfries bridge, which is of (lone, with 13 arches. In 
1760, Mr. John Smeaton was coiifulted on the encroach- 
ments by jetties of (lakes and ftones for gaining land, that 
had been made at Cargin, Lagal, and Ncthcrwood, on this 
river, and recommended the removal of feme of thefe works 
at the projeding points of the river. 

Nottingham Canal. Ad Geo. Ill, — The gene- 
ral diredion of this canal is nearly N. W, by a crooked 
courfc of about 15 miles, in the county of Nottingham ; it 
is not very greatly elevated : its objeds are the export of 
coals from the fevcral mines near it, and of farming produds, 
impoiting lime, deals, See. Nottingham is the 17th Dritifli 
town, with a population of 28,861 perfons. This canal 
commences in the river 7 W/i/, near Nottingham (oppofitc to 
the jundion of the Grantham canal), and terminates in the 
Comford canal, near I-angley bridge, and near to the termi- 
nation of the Erewajh canal : near to its fouthern tormina- 
tion it is joined by the Trent canal or fidc-cut (from the 
Trent and Merfey canal). A refervoir is made near Amf- 
worth for the (npply of this canal, and has a fclf-regii- 
lating fluicc which lets out near 3000 cubic feet of water 
per hour for certain mills and the Erewajh canal. In 
1802, this canal was completed. 

Nutbrook Canal, Ad 33 Geo. III. — The general 
diredion of this canal is nearly N.W. for 5 miles, in tlie 
county of Derby : it is not greatly elevated ; its objed is 
the export of coals from the mines near the line; which 
commences in the Erewajh canal, near Stanton, and termi- 
nates at Shipley colliery ; it has a branch to Weil Hallam 
collieries. Sir Henry Hunlokc and Edward Miller Mundy, 
cfq. were authorifed to raife 19,300 1. between thcmfelves, in 
200 1. (hares; their profits hereon arc not to exceed 8 pci 
cent.; and proprietors of adjoining lands may make fide 
branches thereto : the particulars of the tonnage rates arc 
very long, including fome regulations with the Erewajh 
company, &c. See Philips's 4to. liijloryy Appendix^ p. 
104 and 105. 

Oakham Canal. Ads 33 and 40 Geo. III.— The 
general diredion of this canal is about S. E., by a crooked 
courfe of 13 miles, in the counties of i.eicefter and Rutland ; 
its fouthern end is confiderably elevated, crolTing the Tilton 
and Burley branch from the grand-ridge ; its objeds arc the 
fupply of Oakham, and the country through which it pafles, 
with coals, deals, &c., and the export o? agricultural pro- 
duds. Oakham and Melton-Mowbrpy are confidcrable 
towns on this line, which commences in the Letcejler and 
Melton- Mowbray navigation, at Melion-^Iowbray, and ter- 
minates at the town of Oakham. From the Letcejler and 
Melton- Mowbr ay to Edmondthorpe, 8^ miles, it 
has a rife of 220 feet; the remaining 6J miles to Oakham are 
level, and it is fed by a refervoir for flood-waters in Langham, 
and another in Saxby. The engineers w'cre Mr. William 
JcJfop and Mr. C. Stavely^ iun. In November 1800, this 
canal was opened from MeJton-Mowbi-ay to Saxby bridge, 
and in January 1803, the whole was completed. This 
company was authoriibd to raife 86,000 1. in lool. (bares. 
The fates of tonn^e and wharfage, with the exceptions 
therefrom, may be fcen in Phillipses 4to. Hifioryf jtjfendix^ 
p, 106 and 107, but to which the laft ad made an aMtion, 
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and the ntni liTchon^MvnvUu'fy hEif 40 Gco. III., 

alfo contains foinc regulations nlfcd'ug the tolls at the 
entrance to tliiu raiuil. F.arl Winclulfca is to be paid 15I. 
siniiuaily, in lieu of iVui cullomary dues on coals fold in Oak- 
liAm to\^n. 

OiT‘;i Ki ^ER { Lenvrx Icfn\T N^itvr*/iftor.'). A 6 \ 3 1 
Gco* 1 1 1 'J’he general diridion of this navigation is neaily 
noith, for near 9 iniles in the county of Siilfex: the tide 
flows thnnigli its whole length; its objt<fla are the 
import of ronls, dealS) &c« and the cxpoit (»f Farming 
produ^A. Lewes is a confiderable town on this navigation ; 
which commences in the Knglilh channel, at Ncwliavcn 
harbour, and terminates in the upper Ch/e navigation, at 
Lrwts bridge: the meadow's, called Lewes and Laughton 
J*cvcls, near this river, were fubjedt to be overflowed, and 
it is part of the objed of the above ad to embank ilic river 
and its tributJiry dreams, and to ered proper fluiccs, and cut 
drains for the improvement thereof ; part of the money for 
which draining purpofes, is to be raifed by the commiflioners 
of ftwers, under tne ad of 2j Hen. VIII, by different 
rates per acre on each of the five dillrids into which the 
levels arc by this ad divided, but the woiks are to be ptr- 
ibrmed by the tiullccs appointed by this ad, who, in jSo2, 
completed the llraiglitcning and deepening of the coiirfc of 
the river, fo that tlic tides flowed higher and ebbed lower than 
before at Lewes biidge, and to which place veflds drawdiig 4 
feet of water can now come up. The tolN on articles navigated 
oil any pai t of this river are to he, for manures not exceeding 
2d. per ton, for road-materials 3d., and for all other goods 
4d. per ton, empty boats to pal's toll free ; tlicfe tolls are 
not to be lowered (except road-materials to 2d.), fo long 
as rijoool. of the money borrowed on the credit of thefe 
tolls and the acre-taxes, remain undil'cliarged ; the tolls are 
Jiitended hereafter to be fo reduced, that one-third of the 
whole cxpences of maintaining the navigation and drainage 
works fhall be paid by the acre-taxes, and two-thirds by the 
rolls on the riven*; the aci e-tax is, however, to make up the 
deficiency, if the above tolls are inadequate ; lawdt. Ix low 
Newhaveu bridge are not to be taxed, but to mamt^un il eir 
own banks. In the year 1762, Mr. Jo/jh Snmton was 
confultcd about improving tlic navigation and drainage of 
this river. About the year 1793, a new pier was built to 
protect the harbour of Newhaven, and the entrance of 
this river; in 1S02, it was propofed to add ■ tiew groin 
thereto to the wellwaid, for the further fecuiity ofvilleb; 
and, in 1804, it was in contemplation, by large ilones from 
the neighbouring cliff, to extend a rough iiwwalled pier 
much further out into the fca, for the fecurity cf wfleU on 
this coad. 

Ouse River. {Lewes upper Navigation^ A<51 30 
Geo. HI. — The general direction of this navigation 
is nearly north- well, by a bending courfe of about 2?. 
miles, in the county of Suflex : it is not much elevated 
above the level of the fea : its obiefts arc ti»e import 
of coals, deals, &c. and carrying chalk and manures to 
the lands, and the export of tlieir agricultural produ£t 8 . 
JjCwes and Cuckfield are ccnfiderablc towns on this line ; 
it commences in the lower Oufe navigation, at Lewes bridge, 
and extends to Hammer bridge, near Slaugham, with a 
branch to Off ham chalk-pit, in Hamfay; the depth of 
water in every part is to be made 3-J feet : the boats to be 
feet long and ii{ feet wide, and arc not to pafs locks with 
K fs than 10 tons of lading. This company were authonfed 
to raife 2 j, cool, in lool. (hares, and the works were not 
to commence until io,oool. of this was fubferibed, and 10 
percent, thereon a Anally paid; it is to that public fpiritcd 
apd worthy nobleman loro Shield that the country arc m a 
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principal degree inJeLted for bilngipg 4;hout this lift fid 
mcafure. From Ltwes bridge to Ihireome mill tijciv was 
an old and imperfcA navigation for fmall boats; on tlM\s part 
of the liiic, the rat<*s ol tonnage a»t* to be, on nvmurt^. 
road -materials, limber, grain, &c. Id. per ton perimle, and 
01: all other goods id. per ton jur mile ; on the remainder or 
new part of the line, nvanurcs, vs above, arc to pay id. 
and other goods i;ld. per ton per nule. Empty boats to pay 
is. for paning each lock, and pkaf'iiie boats 3d. below and 
6d. above Frefli field bridge for paffing locks. Iktvvrcn Old 
Eye, in South Mailing, and Land-Ikirt, no toll is to be 
taken, on goods carritd no fiutlur. Blanches may be made 
to Kny place within 2a:'0 yards of tl is rivti, on which the 
powers of the comri'.iirL)nei%s of fcwtis ( • ] Hen. VI II.) flill 
continue. In kSoi, it \v;h pi\ j.ofV i to make an extenfioii 
of the Surry iren ruH-w.y to join tins nrni.pilion at Linfield. 

In 1802, the na\igation was not coir pUt« d up to Hamm.r 
bridge; hut, in tlu. following )cm*, it was faid that a new 
nA for furtlicr powera for tij <t pm p jfi- w ns in contemplat’or. 

Ouse (pvnt) Rivi-k. 'Elic gei.tf.il tiircAion of this livcr 
is nearly S. W., by a crooked couife of about 84 miles, in 
the counties of Norfolk, Cambridge, I Im tlnglon, and Bed- 
ford, and Ikirting Suflolk fora fl.oit diflnnce : tliu courl’c 
through the fens t eing from thelidv-wny in l.ynn deeps, (5 
miles below tlrat town), pa‘l Lynn, Tdiicy, iSallei's Load, 
Deiiver-fluice, Rebeck, J.ittb.* poit cliair, Ely, 1 lani.nerc, 
Hennitage fluice, Eritli, and thence by the regular channel 
of this river to Bedford. Soon after the year 10 ;o (in 
confcquence of a law of Icweis of the r3th of January, 6 
Charles I.) the old Bedford river, (?i flraight cut, of .'i ir.il 'A 
long and 70 feet wide), was made, between Heimitage-nniee; 
and Salter’s-Load, for conveying part of the watei!> of tl.ij 
river; and in 1652, the fcheme of Sir ConuJuu J\i ,r'yJ:u 
for another navigable cut neaily parallel to the Kill \>as 
curried into cffeA, (under the authority of an r.A of Ciom- 
wcU, 1649, confirmed afterwards by i 3 Charles IF. cf- 
tablifhing the fen corporation); this latl, called the New 
Bedford river, is 20 miles long and 100 feet wide, from 
Hermitage fluices to Denver^s fluice, both the(e new cut a 
falling into the great Oufe river again, at Sidtcris Load and 
Denver's fluice (which are within about a mile of each 
other, and 17 miles from Lynn); befides thefe, part of the 
waters of ihisrivcr make their way hy a navi rablccut of about 
12 miles in length, from Hennit.igc into the h\u river at 
Ben wick. In J725, Mr. Thomas mentioned, and, 

in 1751, Mr. Nathaniel A'Wer/ry Urongly recommended, 
another ihortcr cut between Eaubrink and I..ynn, for 
llraighteiiing thoconife of this river, for which the adts of 
the .55, and 45 of Geo. HI. have been pafled, called 
the Eaubrink cut, and on which Mr. Robert Mylne^ fir 
Thomas HytU Ragr, and c.iptnia jrfeph HmhUit arc em- 
ployed as engintcis ; this rut wa.**, in September 1804, 
marked out, and is intended to be 296 feet wide at eaft 
tiid, 204 feet at the well end, and about 21 m ’ s in 
length, making eafy bends into the river at each end, with 
banks on each tide, at a diflance from the cut, 6 feet higher 
than the ordinary tides, of 13 feet rife, w uh an embank- 
ment and fluice acrofs the old channel, above the cad en* 
trance of the new one; which important woiks ere long,’ 
we hope, will be compli ted. Near the harbour of Lynn this 
river is joined by the Lynn river; at Saltcr's-Load, by a 
branch of the A^r/i navigation (called Well Creek) ; between 
Salter’s-Load and Denver's fluice it is joined by Stoic river; 
at Rebeck the little Oufi joins ; at Prick willow the Lari 
river jiins ; near Bark way chapel the Soham^ Lodes at Harri- 
mere, the Cam river joins ; and at Temsford the Ivei 
river alTo joins : the whole of the rivers and Urge drains in 
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thefc fens being embanked and nearly level ; there are many 
others of them navigable for fliort diftancca bcfides the above. 
Lynn is the 50th Britifh town, with a population of 
io,o^’6 perfons : Downham, Ely, St. Ives, Huntingdon, 
St. Neots, arc alfo cotifiderablc towns on this line. Den- 
vers dam and (luice, with 5 eyes or arches, was built acrofs 
the great Oufi river, jiill above the entrance of the new Dcd- 
ford-river, in the year 1651 ; in 17 ij, the water having 
undermined three of tlie arches, they were carried away, 
and wejT not rebuilt airain until 1746. At Willington 
and otht’is of the nulls in the upper parts of this navigation, 
there is a kind of fclf-adfing fluices in life, which fall down 
to l^t the water pifs ficely over them, wlien the water in a 
flood rifes above a certahi height ; the locks on this part of 
the navigaMon are of wood, the towing-path has (files* 
near it, and is fiequently interrupted as before mentioned. 
In November a dry dock in Lynn,conrjc£ling w’ith thin 

river, was opened, being tiic iirll woik of the kind which had 
been ereded for the aecom;Tiodati<»n of that port. About 
the year i'“So. a cut, of about i;\ mile in length, was made 
from this nver, mi VVjllingtoa, to tlie turnpike road in Copic, 
where a houfe ii»ul coiivenieuc'sS lor a wharf were built 
(novV tl'C ])‘)g alc ljoufe) at a great cxperice ; but the con- 
ftnt of the proprii^tor of tlie Oi>j} navigation, who holds it 
under a p.uticular grant from the crown, could not after- 
wards he obtained for this cut being uftd as a navigation. 
In 1785, and again in iSci2, the London Lynn and Norwic/j 
canal was propofed to join tliiri river at Lynn. And in 
3792, tlie /.e/j-’/Ar and London was propofed to join and 
crofs it at B.'dfoMl. 

OusF. [Lit h') Rivtr. This river (often called the 
Brandon) ihus its coiirfe in*arly call, for about 20 miles, be- 
tween the counties of Norfolk and Suffolk : it is not greatly 
elevated in any part : its objedls are the import of coals, 
deals, and the export of agricultural products. Brandon 
and Thetford arc confiderablc towns on this river, which 
commences in the great Oiffit at Rebeck, and terminates at 
the town of Thetford, to which place boats with 14 or 15 
chaldrons of coals in each could come up in the year 1649. 
'rhe lower part of this riser for feveral miles is embanked on 
both tides, through the fens. In the year 1789, this navi- 
gation was propofed to be joined at Hifs near Wilton by 
the intended Bijhoffiortford and Wdton canal. 

Ouse River (Tork). Ail 23 Henry VIII.— -The 
general dircdlion of this river is nearly north-well for about 
48 miles, between the Eaft, Wett, and North Ridinp and 
Ainfty Liberty in Yorkfliire ; it is not very greatly clcyatcd 
in any part ; its objeds are the trade and fnpply of the city of 
York, and of the immenfely populous and trading dittricts 
in the Weft Riding. At Goule Bridge it is joined by the 
Don river ; at Armyn, by tlie j^lyre and Calder navigation ; 
at Barnby, by the Derwent river ; at Selby, by a cut of 
the Jyre and Calder navigation ; near Cawood, by the 
Wharfe river } and at York, by the Fofs river. York is the 
2 5d Britilh town, with a ptjpulation of J^,i45 perfona. 
Howden, Snaith, Selby, and Cawood are all’o conliderablc 
places on or near this river; which commences in the lJumher 
liver at Trent-fall (the jundion of tlie Trent river) to the 
2 W river at Linton. Ships of 1.50 or 160 tons burthen come 
up to Armyn, and fmallcr mailed vcficls to York city. By 
a licence of Richard 11 . the corporation of York are re- 
quired to maintain certain bridges oh the upper part of this 
river. In the year 179;,, a laigc wooden draw-bridge, of 
J3 ownings, was built by Mr. IVilliam JeJbp over this river 
at Selby, under an ad ot parliament. In 1^69, the Selby 
and Leeds canal was propofed to conned with this river at 
Selby. 


Oxford Canal. Ads 9, 15, 26, 34, and 39 of Gro. 
HI. — The general diredion of this canal is nearly north, by 
a very crooked courfe in its northern half, of 91 miles, in 
the counties of Oxford, Warwick, and Northampton ; it 
croflos the grand-ridge by a tunnel, and its northern part 
fl<irts along near to it on the weftern fide for many miles; 
its objeds were a communication between the midland canals 
and the metropolis, (but a much nearer route is now opened 
by the Grand-JunSIion canal,) the fnpply of the northern 
paits of Oxfordfhire with coals, the export of farming pro- 
duds, &c. At Woolvcrcot is a cut of about ^ mile (be- 
longing to the duke of Marlborough), by which a communi- 
cation with the Thames and Ifts navigation at Godftow is 
cfFeded. At Napton the Warwick and Napten canal joins 
this ; and at Braunfton the GratuLJundion cai joins. 
Coventry is the 24th Britifh town, with a popu.ation of 
1 <5,034 perfons ; and Oxford is the j 8 th, with 11,694 per- 
fons. Woodftock, Deddington, Banbury, Soutliam, Da- 
ventry, and Rugby are alfo conliderablc towns on or near 
to this line of canal ; which commences in tlie Thames and JJts 
navigation at Badcock’s (harden on the well fide of Oxford 
city, and terminates in the Coventry canal at Longford. At 
Hillmorton and at Napton are (hort cuts, of about i a mile 
each, to the fteam-engines belonging to this company. 
From the Thames and JJis at Oxford to Banhiiry, 27^ miles, 
is a rife of nS feet by 18 locks (including 2 weir-locks and 
an entrance lock from the Ifis) ; thence to Claydon, yi 
miles, is a rife of 77 1 feet by 12 locks ; thence (through 
the Fenny-Comptou tunnel) the fummit pound continues to 
Marfton-doles wharf lof miles, and level ; thence to Nap- 
ton on the hill 2 miles, is a fall of 55^ feet by 9 locks ; 
thence to Hillmorton, t6| miles (in which the Warwick and 
Napton and the Grand-^yunillon]o\x\)^ ic? level ; thence in ^ a 
mile b a fall of 19 feet by .3 locks ; thence to the Coventry 
canal at I^ongford, .16^ miles, is level. The two fliort cuta 
to the engines, and that at Woolvcrcot, arc level. This canal 
is 28 feel wide at top, 16 feet at bottom, and 4^ feet deep, 
except the fummit pound, whicli is made 6 feet deep lu 
order to adl as a refervoir ; the locks arc 74I feet long, and 
7 feet wide. At the ttdl-houlc near Longford is a ftop- 
lock, to prevent the Covmtry canal in diy feafons, from 
lowering the water in the long pound on this ; from which 
long pound an engine at Hillmorton pump;* water into the 
Braunfton pound, by means of a feeder ; and out of this laft 
pound by means t»f a (oiigh. Another engine at Napton 
pumps into the fummit pound, which is alio fed by three 
refervoirs. Tlie number of itone and brick bridges on this 
line is i8S, and of wooden, fwing, draw, and foot bridges 
66. The Fenny-Compton tunnel is 118S yards long, 9^ 
feet wide, and 17^ feet high. At Newbold is a tunnd 125 
yards long, made under the church-yard and ftreet, 16 feet 
high, and J2^ feet wide, with a towing-path through iu 
At VVolfhamcotc, alfo, there is a Ihort tunnel. At Ped- 
lars- Bridge near Briiiklovv is an aquedud bridge of 11 
arches, of 22 feet (pan each. At Cosford on the Swift 
river, and at Cl fton on the Avon, are others of 2 archea 
each ; at Wulfhamcote, Adderbury, and Hampton-Gay^ 
arc other fin? Her 'dtjurduds. Mr. James Brindley made the 
fuiTty for tills canal in September 1 768 ; in Auguft 1 769 
he began the work near Longford ; and in 1775 it was com- 
pleted from thence to the Napton locks; wmen i22«jooL 
having been expended, tlie works ftood fttll for want of 
money until 5th April 17S6, when they were zefumed; 
on the 31ft of March 1778 the line was opened north- 
ward to Anbury ; and on the ill of January 1790 the whok 
was completed. Mr. James Barnes was em^oyed to execute 
lume of the digging of this pait. This company have bce^ 
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•ttthorifcd to raifc, by their different afte, 330,000!. ; the 
tmount of their fharcs is lool. each. In January 1800 
thefe are faid to have fold for 194I., and in 1802 for 275I. 
each ; the Grand- JunBion company being bound to make 
up the tolls hereon to io,oool. annually, (if the works are kept 
in order) on condition of this company taking only certain 
tolls on goods pairing to or from that canal, (fee Phillips^ 4to. 
HtH^Apend. p. 32.) and agreeing to widen about 33 miles of 
their canal and locks, that large boats may pafs north of 
Braunfton, whenever the Grand-JunQion company fhall re- 
quire the fame of this and the Coventry company. The rates 
of tonnage arc rather complicated ; they will be found in 
Cary*s Inland Navigation^ pages 39, 74, and 80. For par- 
cels under 5 cwt. the company are to fix fpecific rates 
in their printed tonnage tables. Coals from the inland pits 
were not allowed, by the firft aft above, to come nearer to 
London than Oxford ; but by the 3d aft, this was extended 
to Reading and the Rennet navigation ; and in the year 
1800 this company offered 2s. per ton as a premium on coals 
carried certain diftances from their canal into Berkfliire, &c. 
The narrow barges ufed on this canal fcldom venture down 
the Thames to London, but goods arc generally Ihifted at 
Oxford into the Thames-barges. About the year 1 792 the 
Stratford and Croperdy canal was propofed to join this at 
Croperdy ; and, at the fame time, a canal from Hampton- 
Gay to IJleworth was intended, to join this at Hampton- 
Gay. 

Parnel's Canal. This fliort canal, or rather water- 
level, has nearly a north direftion for about \ a mile in the 
valley north of St. AulUc, (near the fouth coafi of Corn- 
wall) one mile above that town ; it commences within an im- 
menle excavation of great depth, and open to day, which 
has, by the work of ages, been made in a rocky hill 
abounding with tin ore. It is tunnelled through the folid 
rock for 200 yards or more, on a level to the furface of the 
hill, and proceeds forwards thereon to the top of an inclined 
plane, of about 50 feet fall, where the boats arc raifcd up 
an end by a windlafs to (hoot out the ore, as dready de- 
feribed on Sl Columb canal. At the bottom of the plane 
the ore is loaded into carts, to be carted to the ftamping- 
milfa. Small fquare-headed boats are ufed, an 4 four or five 
of them are linked together to be (hoved through the tun. 
ael, by means of chains which are fixed along its (ides for 
that purpofe* and they are afterwards towed alcing the canal 
to the head of the plane. This canal, tunnel, and plane, were 
made at the expence of Mr. ParneU who owns the mine, 
about the year 1770, before which the ore was drawn up to 
the top edge of the pit or mine, and carted from thence. 

Parret River. The courfe of this river is nearly fouth- 
caff for about 3 miles, in the county of Sornerfet ; it is not 
greatly elevated ; its objefts are the import of coals, and the 
export of agricultural produfts. Langport is the only con- 
fidcrable town near this navigation. It commences in the 
Tone and Parret navigation at Borough-Chapel, and ter- 
minates in the Ivelchejler and Langport navigation, a little 

below Langport. ttt 

Peak-Forest Canal. Afts 34, 40, and 45 of Geo. III. 
~The general direftion of this canal and rail-way is nearly 
fouth-caft for 21 miles, in the counties of Chefter and 
Derby ; its fouthem end is very confiderably elevated, and 
terminates on, or very near to, the Grand-Ridge ; its prin- 
dpal objeft is the export of the Peak-Foreft lime, and of 
coals from the neighbourhood of this canal. Afliton-under- 
linc, Stockport, and ChapcUc-Frith arc confidcrable towns 
on or near this line ; which commences in the Manebtfer 
Aihton and Oldham canal, at Duckcnfield, (near to the ter- 
oitnatioa of the Huddersjeld and the canal tenmnaus 
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at the bafon and lime-kilns in Chapel- Milton, whence a rail, 
way proceeds to Loads* knowl lime-ftone quarries in the 
Peak. The line of the canal is 13 miles in length, and of the 
raiUway 6 miles ; there is a cut of i a mile to Whaley. 
Bridge, and a rail-way branch of mile to Marple. Over 
the Mcrfey river, near Mafplc, is a grand aqueduft bridge 
of 3 arches, each 60 feet fpan and 78 feet high, the whole 
height of the ftrufture being near 100 feet, which was built 
m the year 1799. (This bridge we have before, by mif- 
takc, when treating of Aquedufts, mentioned as being on the 
Manchefier AJbton and Oldham canal.) Mr. Benjamin 
Outram was the engineer, and the works were completed on 
the iff of May 1800. The company were authorifed to 
i39»^^®l*> each (hare being loo)., 
which in 1802 bore a premium of 10 per cent. It has been 
faid, on feveral occafions, that this' canal and rail-way were 
completed at 10 per cent, under the original clHmatc, and 
that the 2d aft authorifed the company to raifr any unlimited 
fum that they might want, in which there certainly were 
miftakes, becaufe ilie aft of the laft feflions was for railing 
a further fum of money. For the rates of tonnage and 
wharfage, fee 410. Hi/lory, App, p. 133. Mine- 

waters may be ufed for the fupply of this canal, but onl\ 
the flood-waters of the rivers. 

Pen TL AND Firth. This ftreight has nearly a weft di- 
reftion between Caithnefs county, at the north-eaftern ex- 
tremity of Scotland, and the Orkney iflands. This, though 
a rocky and dangerous paflage, is much frequented by (hips, 
on account of being the firft paffage which prefents itfelf for 
fhips in going northward, between the Eaft and Weft Seas, 
or German Ocean and Irilh Sea. The Invernefs and Fort- 
William canal, now cutting a great way fouth of this for the 
life of (hips, is expefted much to lefllii the ufe of this firth. 
Scrahfter road-ftead, on the fide of this firth, is a harbour 
much frequented by (hips in blowing weather. Thurfo har- 
bour in Caithnefs, on the fouthem fide of this firth, has a 
pier now building, and its haibour improving, under an aft 
of42ofGeo. III. 

PoLBRocK Canal. Aft 37 of Geo. III. — The general 
direftion of this canal is nearly fouth-eaft for about 5 miles 
in Cornwall, near its north-weft coaft ; it is not greatly 
elevated ; its objefts are the import of coals, and the export 
of Hone and agricultural produfts. Bodmin is a confiderable 
town near it. It commences at Guinea-port, near Wade. 
bridge, in tlie Camel river, and terminates at Dunmeer 
Bridge and Stoncy Lane, in the pari(h of Bodmin, having a 
collateral cut of ^ a mile to Ruther Bridge, in the fame 
parifli. At Guinea port and at Stoney-Lanc Bridge large 
and convenient bafons and warehoufes are intended. Mr. 
fohn Rennie and Mr. Murray are the engineers. This com- 
pany may raifc i8,oool. in 30I. (hares. A feeder from the 
Camel river and any fprings within 2000 yards may alfo be 
taken for this canal. 

Poole Harbour. This fpacious inlet or harbour haa 
nearly a weft courfe for about 9 miles, in the county of D.or- 
fet ; the tide flows into every part of its various branches 
and inlets, and round Brankfea ifland, which is in the middle 
of it ; its objeft, befides the general trade and fupply of the 
neighbourhood, is the export of a fine potter’s clay found 
near to Corfe Caftle, in the ifle of Purbeck, and paving- 
ffones and frec.ftone from thence. Poole, Wareham, and 
Corfe Caftle are confiderable towns near this harbour, which 
commences in Studland Bay and terminates at Wareham 
Bridge : a branch proceeds about 2^ miles north to Creek- 
Moor. In 1 797 feveral improvements in this harbour were 
in contemplation. 

PoATSMOUTH HAABovAt Tius Ihlct OX harbaur has 
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nearly a nortli eourfcy for about 5^ mllfs, in Ilampdiire ; the canab u liich goods itiler.dcd ret be there* lodged may 
tide flows through it, and the depth of water in mod parts be carried toJI-frec along the part of this canal from the 
of it is fiifficient for i lie large fliips of the Britifli navy. Huddersfield that company gnaiantecing the tolls on 

Portfmoiitli is the 1,3th Britifli town, with a population of this not to he leflened thereby. On the whole length or any 
32,166 perfons; Cofport and r'archam arc alio con fidcrabic part of this canal, coals, flags, flatts, Itoncs, lime ftoncs, 
towns adjoining it. It commences at Spithead, in the Chan- and lime, are to pay a toll of jd. per ton, and all other goods 
ncl, between Hampfliirc and the Iflc of Wight, and ttr- is. 6d. per ton, except dung and manures, which arc to pafs 
ininates at Farcham Bridge, having alfo a branch to Cofham, frie. The proprietors’ pi ofits arc never to exceed 6 per 
and a communication therefrom to Lnngllone and ChiclKller cent, upon tlic monies laid out thereon, 
harbours. On tlic fliores of this haiboiir there are immenfe Reading and JMauhnhtiuL In 1/70, a canal was propofed 
buildings and works, for the ufe and feenrity of the royal from the T/jjw;/*/ river, at Ikdtcr’s I.ock near Taplow-Hill, 
navy. In 1805 feveral conlkhrable additions were making (at the wellcru termination of the Miudenbead and IJleworth 
to thefe works, and a bridge between Gofpoit and Hafkir piopofed canal,) to the again, at Sunning near Read* 

hofpkal, which Mr. Robert Forbes built fome years ago, iiig and to the A'e/7/’r/ river, on which Mr. /fr/W//y was 

is inlcnded to be taken down, having proved injurious to the Ciuifiilted by the city of London, the diilance being near I J 
harbour. miles by the canal, and by the river above jo miles, between 

Portfr.wuth and Croydon Camd, In the years 1S02 and the fame places ; a barge <»f j .:o tons being j days (and 
180.;, a canal was in contemplation fiom Per f mouth Harhanr often in dry times as many \/ceks)in performing the voyage, 
to the Croyduit Canal at that town, pallnig Havant, Cbi- at a:i expcucc equal to 50I. ; wliilc, by this canal, it was 
clv.lbr, AruiuU'l, llorlluim, Ryegatc, and Mvillbain, of calculated that a barge miglit at all times, except fruft, per- 
which tint able engineer, Mr. fobu Rinnie^ p»ep:i’'cd plans fonn it in 6 hours, at 4I. /S. txpcnce, including f.d. per too 
and an elliinate ; but the oppolitiou of the land-owuers, and to the trnllccs as a tolk This canal was at firll propofed to 
favourers of a rail-way feheme from Portfnwutb to London commence at Monkey ilkind in the Thames^ which is 2 miles 
procured its rtjtdlioii in parhament. 'Fhc fiimmit-level of below M.iidenhcad- Bridge. No private property was to be 
this canal was to he .;6 miles in length, at about 2io fret allovi>ed in this canal, but the money was j>rop'.fLd to be 
sdiovc the level of the Tea: this was to be fed by Kvcral re- raifed by life annuities, out of which, and the tolls, the 
fcrvoiisiiv or near Horfliaiu Forcll, containing in the w!i<»lc river navigation was to be improved between Bolter’s I.ocL 
aeix.s, and 3^0,000.000 cubic feet of water. This and Sunning, without any new tolls being charged thereon ; 
iovcl was to penetrate ilie Cluilk- Hills north tail of Merf- and when u fufiicicnt fund was accmniikiied for repairs and 
tham, by a tunnel 4^ miles long, and j ';o feet below the top management, the tolls vv<.rc to ccufc, and the canal be cn- 
of tbofe hills, The ellimatcd expence was 7 2 r, cool, and tirely free. 

800, cool, in I col. (hares was propofed to be raifed ; the ex- RiuitLE River. The dircdlion of this river is nearly call 
peded iTvtiuic wai ellimattd at ico oool. per annum, for about 12 miles in the county of Lancallcr; the tide 
While this line was in contemplation, there was an attempt flows through its whole length : its objeds arc the fupply 
made by Mr. Ralph Dodd to draw the public attention to a and trade of Prellon town, and the export of coals hrouglit 
different line of canal, (which Mr. John Phillips laivl claim down by the Douglas river, which joins it near Haflvcth. 
to, as being one of the fanciful ones which he has drawn in Prefton is the 37*1) Britifli town, with a population of 
the map to hwi 4to. llillory, i/vu) ho\\\ Porlfmouth liar- 11,887 pcrfon5. This river commences with a very wide 
hourj ilirough F.outhamplon JCater and the J/chen Rkur, to clltiary or moulli in the Irifli Sea, but grows very (hallow, 
Winebefler *, ihtnce to Alicsfoid, near to Alton and Farn- fo as to be fordable at low-water, and terminates at the 
ham, audio the Wey iber at Clodabning; from near Weft* bridge at Prellon, near to the aquedud bridge, on which 
Icy on that river, the propofed line of the f 7 /v/W iS’wr/r^ canal Wxz Lancujler canal croffes this river. In September laft, 
was to be followed to pi ford and the 7 '/v/wrj- river. The (1805) it was propofed to apply for an ad for placing 
eftimate mentioned oil this nccafion n as .J4S,7J51. buoys, and othci wife improving the navigation of this 

P or tf mouth and Lnulon Rail ni' ay. In 1S03, Mr, IVilham river. 

JeJfopyffti^ employed to furvey the line of a railway irom Ripon Can.\l. Ad 7 Geo. HI. — The general diredion 
Portfmouth town to the weft end of Stamford-Strect, near of this canal is marly N.W. by a bending coiufc of about 7 
Black friars-Bridge, I..oudon ; on the utility tif which, and miles in the Weft, and (kirtiiig the Norch Riding of York- 
thc Purtjmonth and Croydon canal above, opinions were for (hire : its objeds are the fupply of Ripun, and the export 
fomc tiuie divided : in the end, iiritlier of rheiii wjs adopt- of agricultural prodiids, (lone, &c. It is confiderably de- 
ed. The tllimatcd expcucc of thi'% work was 400,000!. vated ; Borough-bridge, Ripon, and Aldborough, are con- 
Ramsdrn’s Canal. Ad 14 (ico. III.- The general iiderablc towns on or near this canal, which commences in 
diredion of thi« canal i^ nearly routh-weft for about 8 miles, the 2 "ore river at Milhy, near Borough-bridge, and ternai- 
in the Well Riding of Yorkihirc ; it is not very greatly clc- nates at Ripou. 

vated ; itsobjedsat firft were the fupply and trade of Hud- Rochdalp Canal. Ads 34, 40, and 44 of Geo. Ill, 
dcrsfleld town, but it will fliortly have conlider.ihle import- — The general diredion of this canal is nearly N. K. by a 
ance as part of the (horteft Hue of navigation between Hull bending courfc of miles in the counties of Lancalier 
and Maiichefter and Liverpool. Huddersfield is the Sift and York ; it croffes the grand-ridge by a deep-cutting : its 
Britifh town, with a population of 7268 perfons. This general objeds are the communication between Liverpool 
canal commences in the Caldcr and HMle navigation, at and Maiichefter, with Halifax, Wakefield, Hull, flee, the 
Cooper’s Bridge, and terminates in the Hudderftld canal, export of coals, paving-ftones, flee. At Piccadilly ffreet in 
at Iving’f Mill near Huddersfield ; it has a rife of feet Mancheilcr it is joined by the Manclsefer jfbton and Oldm 
by 9 locks. Sir Join Rani/den, who is the foie proprietor ham canal. Manchefter is the ad Britt/h town, with a po- 
ol this canal and of Huddersfield town, in 1766 employed pulatinii of 84,020 perfons ; Huddersfield is the 44tb, with 
Mr. ydwr/ .SrW/ry to plan this canal ; and, afrer his death, 10,671 perfons; Spotland the 55th, with 9,031 p<^ons( 
it was begun and <}uick 1 y completed by Mr, Luke Holt, At and Halifax the eSth, with 8,886 perfons. This canal 
Huddersfield fpaaous warchoiifes are built by the fide tf this commencos in BrufsewateP^ canal at CaUc-Fteld in 
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nr, ind terminatct In tlie CMerantfNMU navi^tion at 
the bafon, wharf and warchoufes at Sowerby bridge : to 
near Hollingwood chapel there is a branch of j of a mile, 
and another of { a mile to School-lane in Caftleton near 
Kochdale. From IJnJ^enuater*» canal to Piccadilly wharf, 
and the Manchejler j^Jhton and Oldham canal, J } mile, has 
a rife of 754 feet; thence to the Hollingwood branch, 4I 
miles, has a rife of 81 feet; thence to Failfworth brook, 2} 
miles, is level ; thence to the Rochdale branch, 4} miles, has 
a rife of l ao feet 5 thence to Clay-hall, 2} miles, has a rife 
of 62 feet ; thence along the fummit pound and through 
the deep-cutting to Travis-mill, rj, is level; thence to the 
Colder and HMe navigation, i .i J miles, has a fall of 275 feet ; 
the Hollingwood and Rochdale branches are level. ' From 
near Rochdale to Sowerby- Bridge there are 49 locks, (which 
arc of the fame width and length as Bndgenvater'% at Run- 
corn :) more than 60 bridges and 8 aquediidta and large cul- 
verts, At Hailing mill is a tunnel of 70 yards in length, 
17 feet high and 21 feet wide, with a towiiig path through 
it. At Dean-Head, between Littleborough and Todmer- 
den, is a (lupendous deep-cutting in hard rock, fome of it 
O feet deep. A very large refervoir is made on the weft 
de of the fummit, and an loo horfe fteam-enginc is uftd 
to pump the water up to the fummit-pound. On a bog on 
Blackftonc edge arc two other large refervoirs, one of tnem 
14 yards deep. Gauges for regulating the ftreams of the 
Roch, Irwcll and Irk rivers, fo that only their furplns flood- 
waters are taken for the fupply of this canal, were contpved 
and credcd'by Mr. John Rennie^ tlie engineer. Steani-cn- 
ines within 20 yards of the canal are sulowed to condenfc 
y its water. On the a8th of December 1 798, the eaft 
end of the line from Sowerby bridge to Rochdale was com- 
pleted ; on j8th September 1 802, it was continued to Lome- 
fide wharf; and on 21ft December 1804, the whole line 
was completed and opened to Manchefter. This company 
arc to pay a compentation to the duke of Brtdge%vater for 
his warchoufes at Caftle- Field, and to the Calier emd Hehhle 
company for their warehoufes at Sowerby bridge. This 
company were authorifed by their firft a A to raifc jgT,oool. 
(the amount of (hares lOoU each) afid by the bft aft they 
were authorifed to raife a large fum in addition. The rates 
of tonnage and wharfage, and the exemptions in the firft 
aft, will be found in Pmllips^^ 4to. Htflory^ p 9 g€$ J 57 and 
J59, to 161 ; alfo, by the fecond aft, certam additions 
were made to thefc tolls. Cuts or rails-ways may be made 
10 any prefent or future coal-mines near the line. In 1791 
a branch from this canal was propofed from near lod mar- 
den (104 feet below the fummit-level) to 2 miles beyond 
Colne, having a tunnel thereon of mile in length, about 
3 miles N. E. of Todmarden. 

Roth Eft River. The general direftion of this river is 
nearly N.W. by a crooked courfe of about 19 miles in the 
counties of Suffex and Kent ; it is but little elevated above 
the fea in any part : its objefts arc the import of coals, See. 
and the export of oak-timber and agricultural produfts: near 
Rye harbour, oppofitc to FIcydon-heights, it is joined by the 
Shorncliffand Rye canal. Rye, Winchclfca, Appltdorc, and 
Teuterden arc confidcrable towns on or near to this navigation ; 
which commences in the tide- way of the Englifli Channel near 
Rye old harbour, and terminates at Roberts-bridge ; it has a 
branch of about 2^ miles to Winchclfca bridge, andfomcothcr 
navigable branches in the level fens which furround Oxncy 
Ifland, and adjoin Romney -marfh. The harbour of Rye near 
the mouth of this river, from its tendency to choak up, for- 
aicrty employed the abilities of captain John Perry ^ Mr. John 
Smatont and other eminent engineers ; and under the attsof 
a9 Ge<u I. tad J, 37, and 41 of Geo. HI. fcvcral works have 
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been conllrufted. Previous to the reign of Edward I., it 
is faid, that the Rother vented its waters into the fea at old 
Romney harbour, about which time a new channel was cut 
for it to fea at old Rye-harbour, which for a long time 
fcoured itfdf out, and was deep enough for the nfe of large 
vefhrb, the tide flowing 24 miles up the river ; but fea- 
fluiccs being afterwards crefted in improper fit nations, and 
embankments made, by which (before 1698) the channel 
became too (hallow for (hips, and in 1719 it was rendered 
quite uftlefs for navigation; foon after 1721, the (luicea 
above mentioned were removtd, but the evil was become fo 
irreparable, that captain Perry advited, and effefted the 
cutting of, an entire new channel of about a mile mi length, 
150 feet wide at top, and 70 at bottom, fincc called the new 
harbour (from the fea, near :: miles weft of the old harbour) 
into the channel of the Winchclfca river, and through that 
to the Bother and old harbour at Rye ; this new canal 
(fini(hed J4ih July 1762) had about its middle part, a (lone 
(luicc of two openings, one for the pafl'age of veflels, and 
the tide near high-water, 40 feet wide, fliut by double gates 
pointing to Landward, and another of 30 feet wide, cTofed 
by 5 draw-gates, to be occadonally opened for fcowering 
the mouth of the new channel or harbour, at w'hich there 
were two ftone piers erefted at 120 feet apait- The upland 
and tide waters continued to have thtir courfe to fea by the 
old channel or harbour, and Mr. Smeaton who was confulted 
in 1763, confidently foretold, that unicfs the old channel 
was doled up near Rye, below the entrance to the new one, 
fo a« to ttirn the upland waters through the new harbour, it 
would be in time quite filted up, as happened fo completely 
previous to 1797, that an aft then palTtd repealing all the for- 
mer adls relating to this new harbour, and the tonnage w'hich 
coafting vcfttls had paid fincc it wascfiablilhed, on palfing or 
entering the fame, was transferred to Ramfgate ha hour, near 
Stour river, into which fiich (hips arc able to run for (belter, 
in cafe of a ftorm coming on. The new Rye-harbour was in 
confequcncc blocked up, by a bank below the Winch«*lfca 
river, over which the new road between Winclielfta and Rye 
now pafTcs : foon after this, the Rev. Daniel R/z/e revived the 
ideas of MefTrs. Perry and Smeaton^ with rtgard to the en- 
trance of the old harbour, and by the afliltance of Mr. 
SoutherdeUf cut a new channel, or fea vent, for the river, 
about 4 of a mile weft of the old harbour’s mouth, and be- 
ing about i of a mile in length, before it inteifefted the old 
harbour: at this place Mr. Pape conftriifted a dam of 
draw, faggots, and gravel, which cfTeftually blocked up 
the old harbour's entrance, and •forced the tide to enter and 
return, and the river waters to vent rhemfelves through his 
new cut (as Mr. Smeaton had in vain btforc recommended to 
be done with Mr, Perry\ new cut.) After which, Mr. 
Sutherland conftrufted a pier-head on the ca(f fide, and two 
jetties on the weft fide of the prefent entrance to the har- 
bt)ur, which is now faid (fee Tranfa&ions of the Society of 
Arts^ vol. xxii. p. 249 ) to be capable of admitting (hips of 
250 and 300 thus burthen at fpring tides, which here rife 23 
feet, and the neap tides 14 feet. In December 1799, it 
was propofed to improve the navigation of this river between 
Rye and Robert (bridge, to extend the navigation of the 
Winchclfca branch to Siddlefcombc, and to make a new 
navigable branch from Blackwall to Smallhithc near Ten- 
terden. In April 1S02, this laft branch was propofed to 
be joined by the intended Medway and Bother canal. 

Sandbach CanaU In the year 1793, a canal was propofed 
to be made from the Severn river below Shrewfbury to the 
Trent a)ad Merfey canal at Sandbach, with a cut to Bctley, 
and another to join the Chefer canal near Nantwich. The 
Temhridgc and Wimford^ and the Newport and Stone canals. 
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have at different times been propofed through parts of the 
fame tra£t of country, 

Sankey Canal. Afts 28 of Geo, II. and i of Geo. III. 
—The general dire<^ion of this canal is nearly N.W. by fo 
very bcjiding a courfc, that it exceeds a fcmicircle; its length 
is 12| miles in the county of Lancaflcr ; it is not very 
greatly elevated in any part ; its obje^ils are the export of 
coals and flates, and the fupply and trade of 8t. Hellens 
and Newion, and the copper, glafs, and other works near 
them •, near Sankey bridge it conntdls with, and is crofled by 
the fide-cjit made in 1804 for avoiding the (hallows in the 
Mcrfey between Warrington and Runcorn. Warrington is 
the 45th Britilh town, with a population of 10,567 per- 
fons ; Newton and St. Htllens are alio confiderable towns 
near, or on this canal ; which commences in the Merfey and 
Irnvell navigation at Fiddlers-fcrry, and terminates near 
Sutton-heath collieries. Near the mouth of Sankey brook 
it has a (bort cut of about i of a mile, forming another 
communication with the Merfey river; there is a branch of 
about i of a mile to Penny bridge, and another of i of a 
mile to Gerrard’s bridge. From the Merfey to Sutton heath 
is a rife of 78 feet, by 8 lix-fcet locks, and 2 double 
locks of 15 feet rife each. The higheil fpring tides rife 
within about a foot of the level of the water at the firll 
lock. Veffeis deeply laden were generally unable to pafs 
into or out of the Merfey for two or three days of neap 
tides before the Merfey cut above mentioned was made. 
This canal is 48 feet wide and . 5 * feet deep in water; it 
has j 8 bridges, all of which are wooden fwing-hridges, even 
for the great turnpike road between ManchelUr and Liver- 
pool, Between St. Hellens and Sutton-heaih there is a 
fbort tunnel; the canal is fed by a feeder from Sankey brook, 
and there are provifiona for enabling the farmers near this 
canal to irrigate therefrom, beti'een the loth of Odlober 
and ill of May annually. Mr, fohn Eyes was the engi- 
neer, and has the honour of completing this, the JirJl Englifh 
canaU that was attempted ; it was opened between the 
and Gerrard’s bridge in the year 1760. The fum 
of money to be raifed for the purpofes of this canal is not 
limited in the ads, as is done in all modern canal ads. The 
proprietors are authorifed to take 1 2d. per ton on all goods 
which arc navigated on any part of their canal, except limc- 
ffone, road-materials and manures, which arc toll free : 63 cu- 
bical feet of coal, cannel, charcoal, coke, or cinders, are to be 
rated as a ton, and a bufhcl of coals is to be heaped mcafure 
in a vcffel 19! inches diameter uutfide, and capable of con- 
taining one bulhel and one quart of water Wincheller mea- 
fure. In June 1797* a loaded barge was rowed 20 miles on 
this canal by a machine worked by a fteam-engine on board 
of the barge, as before mentioned. 

Selby and Leeds. In 17C9, Mr. James Brindley furveyed 
the line of a canal from the Oufe river at Selby to the Leeds 
and Linserpool c^e\a\ (near to the termination of the Ayre and 
Colder navigation) at I.,eed8: it was- propofed to pafs 
Thorp dam, near to Thorp hall, Eambleton, Hillham, 
Burton- Salmon, (where a tunnel was intended,) near Fair- 
burn, Newton, the Fire engines, and crofs the Ayre river, 
by Thwait mill, Hunflet, and fo on to Leeds, a courfc of 
23 miles in length ; the oppofition of the Ayre and Colder 
company, who were in the reign of William HI. indulged 
with very high rates of tonnage, and fomc other perfons^ 
proved fatal to this feheme when it came before parliament, 

SEVEau River. Aa$ 19 Hen. VII., 23 Hen, VIII. 
and 12 and 43 of Geo. III.— The general diredtion of this 
noble river is nearly north, by a crooked and bending courfe 
of about 174 miles, ikirting the counties of Somerfet, 
GUmorgani Momnombi and Hereford, and 


through the counties of Worcefter, Salop, and Montgom- 
mery ; commencing in the tide-way in the Brtdol Channel^ 
at Flat-Holm light-boufe, and terminating in the Montgm^ 
mcry canal at Wei (h pool. Its northern end is confiderably 
elevated 2 the trade of various kinds is very immenfe on this 
important river, and the many navigations which conneft 
therewith. At the lower layer it is joined by the Clamor^ 

f anfhire canal and Cardiff and Merttyr^Tydvill rail-way ; at 
lew Amftcrdam by the Sirhowy rail way; at Nafh by the 
UJie river; (not f\r from its jundlion with MunmoutMbire 
canal, and a branch of Sirhowy rail-way) ; at King^s Koad 
by the Ikith Avon river ; at Beachley by the IVye river ; at 
Berklty-Pill, Hotch-Crib, and at Glouccfter by the Glou* 
cefier and Berkley canal \ at Framiload by the Stroudwater 
river and canal ; at Glouceller, on each fide of Alnty Iflc, 
and at Laffington by the Hereford and Ghucefler ; at Fletch- 
er's leap with Cootnbe-hill canal; atTewkfbury by the Strat- 
ford Avon s at Diglis by the Worcejler and Birmingham s at 
Hawford by the Droitwieh canal ; at Stourport by, the Stour 
river and Sufford/hirc and Worcejlerfhire^ and the Leominjletr 
canals; at Coal-port and at Loacfs-croft near Coalbrookc dale, 
by the Shropfhire canal ; and at Shrewifbury by the Shrewfbury 
and EUefmere canals. Briftol is the 7th Britifh town, with 
a population of 68,64^ perfons ; Shrewfbury the 36th, with 
I4>739 perfons; Worcefter the 40th, with 1 1,332 perfons ; 
and Gloucefter the 72d, with 7>579 perfons ; Cardiff, New- 
port, Chepftow,Thornbury, Berkley, Newnbam, Tewkfbury, 
Upton, Bcwdlcy, Kiddcrminiler, Bridge-North, Much- 
Wculock and W elHipool, arc alfo confiderable towns near 
to, or upon this river. The falls which this river has in 
particular parts have been mentioned in a preceding part 
of this article, as alfo a valuable experiment of 11 years 
continuance on the floods, droughts, and frofts which 
affeded its navigation ; which is unaflifted by any locks, 
fidc-cuts, weirs, or other eredions, except the towing-paths, 
which Mr. William Reynolds begun between Coal port and 
Coalbrook-dale, in conrequence of an ad, I2 of Geo. III., 
fince renewed, for making a towing-path between Coa!- 
brook-dalc and Bewdlcy bridge, and levying certain tolls 
on goods navigated on that part of the river for defraying 
the cxpcnccs of fuch path, which has been fince completed} 
and in 43 of Geo. III. a fimilar ad for making a towing- 
path from Bewdley bridge to the Worcefter and Birmingham 
canal at Diglis below Worcefter, which is, wc believe, alfo 
completed. The trade on the middle parts of this river is 
carried on by two forts of veffcls, viz. barges 40 to 60 feet 
long with a (ingle mall and fquare fail, carrying from 20 to 
40 tons, and trows with a main and top-maft about 80 feet 
high, and fquare fails ; thefc are 160 feet long and 16 to 20 
feet in width, and carry 40 to 80 tons. Some years ago, 
Mr. John Wilkinfon introduced fome barges made of calt 
iron plates for navigating this river; In the i6Geo. III. an 
ad was obtained for eroding a caft-iron bridge of one arch 
(the firft ever creded; fee our article Bridge) over this river 
at Brofely or Madeley wood near Coalbrook-dale, The high 
floods, in 1793, carried away a narrow and inconvenient ftone 
bridge that was at Buildwas, about 2 miles above Made- 
Icy wood, and in 1796, a new caft-iron bridge was ereded 
in its (lead, as before dtferibed : by an ad of the 1 7 Geo. III. 
a new (lone bridge was ereded over this river at Gloucefter, 
by which the navigation there was much improved. At 
Shrewibury the very long and curving loop of the river is tun- 
nelled through by a fmall arch for conveying water to feveral 
mills at itsjundion again with the river. In the year 
the Temhridge and Wtndsford canal was propoled to ioin this 
river at Tcrnbrid^e ; in 1786 the Stourbridge and IVoreffer 
was propofed to joia at Diglis } in 1793, the Sandbach^ and 
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snetlier u opp^tio^o tlie » fome -noir lainllei, ia level; thence ta near Wombridire. 4.1 
nmpa, the Ijftem Grand Trunk,) were propofed to join thia miles, i» a rife of 79 feet, by lock.; thence is an inclined plane 
mer below bhrewlbury. In 1795* the Wdjhpool and Ltomin- of 75 feet rife, and near i of a mile in length, to the Kttlei 
*'**fl™™ Welflipool ; in 1 797 , the Br^ol canal ; thence (along the part which was purchafed by this 

ondGlouc^er was propofed to join, both at Gloucefter and company of Mr. IViUiam Reynoldt for 8.10I. beina hrif of 
at Worcwcfj to thisnver; and« in iSoip the Severn and Wye what it coil) to the Shropjbire canal, if cnilct it level The 
rail-way was propofed to join this river at Lidney. lock, on this canal are contrived in two divifions by doors, 

Severn and Wye^ t^u^way* In the year i8oi, a line of which draw up, out of a rcccfs formed for them below the 
rail-way WM projra^ from the Severn at Lidney, locks, fo that a long narrow canal boat of the ufual con (Iruc- 
acrols the foreft of Dean, conneAiiig with the collieries tion, or two or four fmaller and narrow flat-bottomed boats 


thereon, and extending to the Wve river at Englifh Bichnor, 
wc believe. At a meeting, on the X4th of June, 1802, the 
fouthem part of this defien was relinquiftied, and the Dean-^ 
Foreji rail-way was propofed in lieu of the other part. 

Shannon River, {Ireland), The general dirc^ion of this 
famous river is nearly N.E. by a crooked com fe of more than 
TOO miles, between the counties of Kerry, 1 si me rick, Clare, 
Tipperary, Galway, King’s county, Meath, Longford, EU 
phin, arfd Leitrim in Ireland. It commences in the Atlan- 
tic Ocean, at Loop-head, and terminates at Carrick on the 
Shannon, which is 6j miles above Banaghcr. It is joined 
by the Grand Canal at Tormanbury, and it alfo is joined by 
the Limerick canal. Limerick, Kilalow, Clonfort, Leitrim, 
Carr, Longford, Rofeommon, Athlone, Portumny, Nc- 


locks on this canal are contrived in two divifions by doors, 
which draw up, out of a rcccfs formed for them below the 
locks, fo that a long narrow canal boat of the ufual conilruc- 
tion, or two or four fmaller and narrow flat-bottomed boats 
adapted to the inclined-plane, can pafs the fame without 
unneedTary wafte of water. Near Atcham is a tunnel of 
970 yards in length, and 10 feet wide, which has a towing, 
path ^ feet wide through it, confiriided of wood, and 
Tuppoited on hearers from the wall, fo as not to diminifh the 
water-way. At Long is a long embankment and an Wie- 
dud bridge, or rather trough of call iron, over the Tern 
river, 62 yards long, and 16 feet above the level meadows, 
of which wc have already given a defeription in this article ; 
at Roddington are another embankment and a common aque- 
duct bridp, 21 feet above the furfacc of the Roden river, 
over which the canal pafles, and at Pimlty there arc another 
embankment and aquedudt of lefs height and width than the 
former ones. At Wombridge there is a double incUtieda 


nagh, Alkeaton, Clare- Abbey, &c. are coufidtrablc towns plane ed 223 yards in length, and 73 feet perpendicular rife, 

— A I ^ • /* 1*1 . .1 * , . . * *■ 


on or near to this river. About the year 1 750, the im- 
provement of the navigation on this river was attempted, by 
the erection of fluiccs with gates on its ftream, for damming 
up and making flafhcs fur the boats to pafs through with. 
The Irifli parliament, at dilftrcnt periods, between 1753 
and 1771, granted fcvcral fums of the public money, 
amounting to 39,160!. for the improvement of this naviga- 
tion. It was not until about March 1804, that the upper 
pait of the navigation on this river was completed. 

Shorncliff and Ryf Canal. Defence nkk 43 Geo. 
III. — The general direction of this fingular canal is nearly 
S.W. by a bending courfe of about tS miles, through Romney 
marfh in the counties of Kent and Suflex. It is fo nearly 
level with the fea as to require no locks but the tide-locks at 


wp one of which, empty or partly laden boats arc drawn by 
the aid of a llcam -engine, or by the defeent of a loaded boat 
at the fame time on the other, as wc have before deferihed. 
Mr. Thomas Telford and Mr. William Reynolds were the 
enginccis employed or confultcd on the conIlru6tk)n of the 
works on this canal. In March 1796, the Long aquediift 
was finilhed ; and in February 1797, the whole line was 
completed and opened. This company was authorifed to 
faife 70,000). the amount of each (hare being lool. The 
rate of tonnage is 2d. per ton per mile on all goods, and id. 
per ton for palTing the inclined-plane ; manures, except lime, 
being exempt on the pounds, but not to pafs the locks 
when the water is an inch under the lock-weirs. The 
profits of this concern are not to exceed 8 per cent, on the 


its extremities. Its objedU, befidcs aiding the defence of capital, after which the toll on boats for pafling the plane 
this part of our coaft, is the import of coals and fca btach is to be lirll lowered or taken off. The aft in providing for 
for road-making; the export of farming produfts, and im- the purchafe of if mile of Mr. Reynolds^% Kttley cmal as 


proving the drainage of the marfli ; Hythc, R^> Applcdorc, 
and Folkilone arc confiderable towns near this line which 
commences in the tide-way of the Englilh channel at SKorn- 
cliff battery near Hylhe, and terminates in the tide- way of 
the Rotber river oppofite Plcydon Heights near Rye. This 
canal is of width and depth fufficient Tor veffcls or 200 tons 
to navigate ; it has a military road by its fide, and is flanked 
throughout with batteries of great ftrength. Ibis canal 
was projected by the royal military engineers, in Uic autumn 
of 1804; and in June lall (1805) 3000 men were faid to be cm- 
pbyed thereon, and before now it is, wc believe, completed. 

Shrewsbury Canai. Aft 33 Geo. III.— The gene- 
ral direftion of this canal is nearly E. by a crooked courfe 
of 17^ miles in length, in the county of Salop ; its caftern 
end is irreatly elevated, and at no great diflance from the 


above, requires him to pay 2d per ton per mile afterwards 
for navigating the fame, as above. Lefs than 8 tons in a 
boat, except in returning, is to be paid for as fuch. 

Shropshire Canal. Aft 28 Geo. III.— The general 
direftion of this canal, or rather fyftem of water-levels and 
inciincd-planes, is nearly north, about miles, in the 
county of Salop : its northern end is greatly elevated, and at 
no great diflance from the graud-ridge on its weftern fide ; 
its objefts are the export of coals and iron, and the carrying 
up of lime-ftonc. It conimunicatcs near Oaken-Gates with 
the Skrewjhury canal ; it has no large town near it. It com- 
mences in the Severn river at Coal- Port, (a new town ella- 
blifhcd by the late excellent Mr. William Reynolds^ whofc 
rapidly incrcafing manufaftorits in the year x8oo employed 
400 perfons, j and tenninates in the Donningion^Wood canal 


crand-ndee on its wcllerii fide ; its objefts are the export of at Doonington-Wood. It has a branch from bouthall Bank, 
foals from its eaftern end, for the fupply of Shrcwftury, and which proceeds to Bncrly Hill near Coalbrook-dale (af 
fupDlvine the fame with farming produfts, and the couuti7 miles), and thence is continued by an inclined plane and wil- 
w^S Lf and manures ; at Wombridge it is joined by the way below, to the at LoaUs-Croft, near the Jolley 

ifrf/ev canal. Shrtwlbury is the 36th Britifh town, with iron bridge. Iherois alfo a fhort rail-way brmch to Horfe- 
T 4.739 perfons. This canal commences in Cattle Foro^te Hay iron works. At the Se^ nver at Coa Port (formerly 
ffin, at the town of Shrewfbury, (near to the Ettefmere caUed Shcep-walh Meadow) there is a flood-lock. which r. fea 
canal, with which it may be joined by mutual confent,) and fufficient to clear the higheft floods m the nver, parallel to 
terminates in the ShratSire 4 nal above Wrockandirc-wood wjich the canal proceeds on a level, i of a mile, to near 
plane near Oaken.gat«. From Shrewfbury to Lan^on, Hay, where is an inclined plane of 350 yards long and aoy 
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feet p'?rpendicular rife ; thence to near Windmill Farm, i J 
mile, is level canal, where is another inclined plane of 600 
yards in Icn^jth, and is6 feet perpendicular rile; thence to 
the Brierly branch at SonthalUBaiik, 2J miles, is level 
canal ; thence to the Shrtwjhury canal at Oaken Gales, ;; 
miles, is level ; thence to near Wroekardine-Wood,' 1 J mile, 
is alfo level: at this place is a third inclined plane, of 320 
yards in length and 1 20 fett perpendicular fall : thence to the 
Donmngton IVood canal, too yards, is level. The boats arc 
(hallow, and carry 3 tons, ’'riicrc are no locks ou this canal, 
which is fiipplied with water by two fmall refervoirs which 
be above the canal, and two others below its level, lUc water 
therefrom being pumped up by tlie fteam engines belonging 
to the inclined plants ; the waters wliich arc lifted from the 
mines contribute alfo materially to the fupply of the different 
lengths of canal. The three great inclined planes at Hay, 
Windmill, and Wrockardinc, liave each a fliort inclined 
plane defeending from their tops into the upper canals, up 
tvhich the boats, on a proper wheeled carriage, are dragged 
by the llcara-engincfi, working the wheels, drums, and ropes, 
and arc, by the afeent of another boat, or the opt ration of u 
brake-wheel, bt calily down the long plane, as has been 
particularly deferibed already in this article. At Brierly- 
liill the crates or iron balktts of lime-ftone were drawn up, 
and the coals in boxes were let down, through perpendicular 
(hafts, 120 feet deep, by ropes winding on a drum above; 
but fevcnil years ago this plan vi'as laid afide, and an inclined 
platie, fimilar to the three others above, except that it has 
no llcam-cngiiie, has been adopted, as bclore mentioned. 
Six boats have been pafftd down, and as many taken up, 
the Windmill plane of 6oo yards long, in the couric of a 
finglc hour ; the llettin'Cnginc and ;j men only being cm* 
ployed, it is faid that tinly jd. is charged for letting down 
a loaded boat, and empty ones are rciurncd gratis. Mr. 
William lityudih and Mr. Ihnn Williams were the cn- 
gincers ; and the w'oiks were completed, and the canal 
opened in the year 1792; it is f.rid to have cofl only 
47,^ool. The rate of tonnage is id. per ton per mile on 
ail kinds of goods. In the year 1797, produced a 

net profit of 6 per cent, on the cap.tal. 

SiRHowv Rail-way. Adi 42 Geo. III. (for 
moutljhin canal ). — I'ht* general diredlion of this rail-way or 
tram-road is nearly N. W., for about cS rules, in the coun- 
ties of Monmouth, and of Brecknock in South Wakvs ; its 
northern end is much elevated : its objedl is the export of 
coals and iron from the rich mineral country through which 
it paffes : at Couri-y*bilIa farm, and at Rifca, it is joined by 
rail-way branches of the Mmmauthjhire canal. Newport is 
a confidcrable town near its fouthem extremity ; it com* 
meiices at the UJke river, near Pill-Gwcnlly (oppofitc the 
commencement of the Moumoutl^ire canal), and terminates 
at Trevil lime-ftone quarries, in the pariih of Llanguinider ; 
and it has a branch to Rumney union iron works ; the line 
pairing through Sirhowy and Tredegar iron works, and 
through Tredegar park ; it was faid alfo, that a branch of 
the raS way was to be condudted from near Tredegar park 
to the meadows near the Severn river, where a new fea-port 
town, to be called New Amfterdam, was laid out and begun. 
This company were authorifed to raife45,oool.,the amount 
of their (hares being lool., and they have engaged to pay 
jiol. annually to the Monmonthjhire canal company, 011 
condition of their conftniding the firft 9 miles of tnis tram* 
road neareft to UJke ; fir Charles Margan is to make 1 mile 
in kngth of the fame through his park at Tredegar, and 
receive the toHa thereon ; and Meffrs. Samuel Homfray, 
Bid^d Fothergil, Matthew Monkhoiib >WiUiamThompib 9 | 


William Forman, and other iron mallers, arc alfo to con 
ftruft particular parts of this concern. It was provided, 
that if ihcfe feverat parties failed to execute their fcvcral 
parts of the line, previous to Michacljnas day 1803, that the 
a^l, as Jar ns rclaics lareto, fhonid be void. A new turn* 
pike road is made by the fide of this railway for 21 miles; 
the afctnt of the rail- way is fo cafy and regular that one 
horfc can draw 10 tons down the line, and return with the 
empty trams. A new town was laid out and begun at 
Tredegar new Iron v oi ks, near Snhowee. 

Sleaford Navioation. A6l 32 Geo. III.— The ge- 
neral diredlion of this navigation is nearly wttt, for about 
1 2 miles, in the county of Lincefin ; it is but little ekvated’ 
above the fea, the greater pait of it being embanked on both 
fidts through level fens : its objecls arc the fupply gf Slea- 
ford and the furrounding country with coals, deals, &c., 
ai)d the export of farming produce, Tatterlhall and Slea- 
ford arc conliderable towns ntar this navigation. It com- 
mences in the old Wiiham river at Chapel-Hill (not far from 
the commcnctinrnt of Homcajlle canal), and terminates at 
the callle-caufeway near Sleaford. The locks arc 6 d feet 
long, and 13 feet wide in the clear; the width of the 
canal is 30 feet at top, if< at bottom, and four feet deep, 
except the fummit pound from Havcrholm mill to Sleaford, 
vvhkh is to be 5 (eit deep, to make a referve of water, 
wliich is to be fiipplied from the fens above the naviga- 
tion in New Sleafoid. This company was authorifed to. 
raife 23,000 1, , the amount of (hares tool. each. The tolls 
arc various fi>r differei.t parts of the line. See Phillips^ 410. 
Hyiory^ Appendix y p c6. Lime, manvits, and road-ma- 
terials pay only half the rates of other articles. The profits 
of this coucern are limited to 8 per cent, and after loool. 
is accumulated us a fund for contingencies, the tolls are to be 
lowered. This company are to join with the llorncajlle 
canal company, in the expence of improving the old Witham 
river between Lincoln high bridge and the Fofs dyts navi- 
gat’on at Bray ford- Mcer ; in confequciicc of which only 
half the ufiial tolls on the old Wiiham are to be taken, on 
goods paffnig to or from thefe navigations. 

SoHAM Looh. The dire^ion of this navigable cut or 
lode is ncaily S. E., for about 4 miles, and is embanked 
through the level fens in Cambridgeftiire : it commences ia 
the great Oufe river, near Barway chapel, and after palTing 
through Soliam Mecr, terminates at the town of Soham : 
its objeiU are the fupply of coals, &c. to Soham, and the 
expOrt of farming producls. 

Somersetshire Coal Canal. Afts 34,36,and42 Gco. 
III. — The gt ncral dircAion of this canal is nearly S, W., for 
about 10 miles, befidesa principal branch of 7^ miles nearly 
parallel thereto, in the county of Sofncvfet: its weftern enda 
arc coniidcrably elevated : its objefl is the export of coals 
from the mines north of Mendip hills. Bath is the 12th Bri- 
tifh town, with a population of 32,200 perfon8,and Bradford 
the 7Bth., with 7,302 perfons, which are the only large towns- 
near this canal ; which commences in the Kennet and Avon 
canal, at Monkcon Ccx>mhe, and the main or Dunkcrton line 
of canal terminates at Pauhon ; but a rail-way continues it for* 
wards to Tyning ; the Radftock line or branch of canal pro- 
ceeds from the Taft at Mitford mill, and terminates at Kad- 
ftock town ; but a rail-way continues it forwards to WeL 
ton colliery ; there arc alfo rail-way branches from this line 
to Radftock colliery, and to Smallcombe and Clandon coK 
lieries : from the main or Dunkcrton line, there are rail* way 
branches to Mcams, Amtibury’s, Britton’s, Salifbury’s, and 
Radford collieries. From the Kennet and Avon canal to 
Mitford mill is level, theaoe the snain or Dunkcrton hne 
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I’tfes 138 feet by 2 2 locks. The Radftock line rifes about 
ihc fatne height from Mitford niill. The boats ufed are 
72 feet long, and 7 feet wide. About July 1706, Mr. 
Robert JVelaan began the ercclion of one of his diving or 
cailTon locks at Coombe-Hay, for pafliug tlie boats 
through a perpendicular (haft, either In afeending or de- 
feending. In November 1707, tins apparatus was in fnffi- 
cient forward iicfs for the ca^lTon to be funk and raifed again 
in the (haft ; and, in May 179^^, a trial was nia.lc of this 
contrivance, fo fucccCsful, “that the inventor then offered to 
undertake to pafs i ^00 tons of gouis in ? i hoir-s through 
this 4y feet rire or fall, without the iols of any conlidtrablc 
quantity of water, and with the airiisuce of only one man, 
befides the bargemen, to work the machintry. Thcfe fair 
profpedls were, nowever, blalled, by the bul/ing of the wa'ls 
of the (haft, as we have already mentioned, in deferibing 
this contrivance ; and inclined plaiics were coiifl.ru6ted at 
this place for letting down boxes full of coals, the defeent 
of which, by means of ropes and wheel®, drew up the 
boxes, either empty, or in part loaded with other good>: 
the delay and cxpcnce of this method being highly com- 
plained of, about September 1S02, a new fubfeription was 
fet Oil foot, and encouraged by the Kennel and Avon and 
/KfV/x and Berks companies, for fubdituting beki, 22 of 
which were compacted, and opened on the 5th of April lad 
(1805). Mr. John Mr. JVlPi am Bennett Charles 

IVed^tf and Mr. JVilliam Smifh were the engineers coidultcd 
or employed upon this carjal, which, in Junuarv i8oj, was 
•ompleted from Duiikerton to feveral of the coal mines, and 
which, (afeer 4 miles of land carriage.) had the elFect of 
lowering coals at Bath from 14CI. or i^d.percwt. to 9d or 
jod. This company was authorifed to raife 185,000!., 
the amount of (hares 100 1 . eacli. Before undertaking any 
of the rail- way branches to the collieries, this company rmght 
require fecurity from the owners of fuch collieries, that tl»c 
tolls thereon fhould produce, or be made up, to a a rtain 
rate of intcrefl. on the coll of fuch branches. The pro'us 
of this concern arc not to exceed 10 per Ccnt» 5 but after 
loool. is accumulated and placed in govermciit fcdunties, as 
a fund for contingencies, the tolls on coals are to be lowered. 
Hufbandry and pleafure bolts J2 lett long and 5 fe^t wide 
may be ufed toll free on the pounds, or where the water 
flows wade over tlic loch- weirs. A tunnel, of a mile 
long, was at firfi propiifed near C‘>ornbe-H'5y, buthy a fub- 
fcquent alteration of the line this was avouLd. The latts 
of tonnage in the fird aft may he h jn in PhjHijfs's .’,^0. 
Hijloryy App- p. 16; and 164, including the lolls 011 IvnUi, 
cattle, flieep, ^cc. travelling on the rad wa)'); by the hdl 
a& fomc of the tolls were inervafed. Dunkerto.i mill was 
purchafed by this company, and lleam-engint & were erccU^l 
to pump up* water for fuppiying the upper pounds, tu k- 
vcral places this canal was cut through^^n;.'/? difpuicd to flip, 
but by the f.nall tunnels or fonghs which Mr. H ila.im S,nUv 
condructed, for draining i*fi the fpnng<», the fame vvjs 
prevented. On the .3d of May, jSog, h fndoen and gr^-at 
flood happened, which required, it was faid, tome ot tac 
banks 01 this canal to be cut in pixjpcr places, to give vcik 
to the water. 

Southampton and Salisbury Canal. Acts 35 ami 


SOUTHAMPTON ANO oAt-iauuiv. . 'a B*-itifli town wilH ca,",'' » inhabitants, and kidcic 

xly N.W.’trabout 

COUntlC? of Hants and Wihs , ^ g J ^ to this canal ; which commences in the Severn ri 


40 

titarly 

its objeA* arc the trade hctwecM Southampton and bahlbupr 
the fupply of tlicfc towns, and ihc export of the iurplui 
farminj prod ids of the intermediate country. Ihis cdual 


to the Andover canal at Rcd-bridgc. In the Andover canal 
(about 9I miles above Red-bridge), near Kirnbridgt mill, 
this canal commences again, and proceeds to the A'vm river 
at Salilbury, or New Sarum. Southampton is the 68th 
Britifh town, with a population of 7,9 ij peifoiip, and 
Salilbury is the /Olh, with 7,7 ^j 8 perfons : Ronifey is 
alfo a confidtrahle town near this line. The callcrn part 
of this canal, between ?Tortham and Rtd-bridgc is level, and 
but little elevated by its tide-locks, above the tide-way in 
Itchin river and Sguthampt'm Water ; from its (Itirling along 
clofc to the fliore of the fatur river, it was that tliat facetious 
fatirift Pekr /^//i</j/*took occaflon to burlcfque “ Southamp- 
ton's wife (on*?." Upon this part of the canal there is a 
tunnel of conliderable LMgtli dole to, and indeed under part 
of the noith end of Salilbury town ; conliderable difficulties 
feem to have attended the making of this tunnel, owing to 
the loofencrs of the foil ; and the quick- funds at the foot of 
the cliff, by the fide of Southampton WaUt\ have alfo proved 
a very feriuus obftaclc. An aqLic<hjv 5 t is built over Slnrley 
Brook ; fprings within 1000 yards of thr; cnniil may be 
taken forks fupply, which in ulfo to be aided by (oine rclcr- 
voirs, which were begun in I7‘>6. This eompuny have been 
authorifed to raife 9'),ccol the amount of each (hare being 
100 1 . yir.John Rennie is the cngincci ; the callcrn part 
of the canal was begun in i796, and was faid, in jSoj, tube 
nearly done, hut it is not )ct opined, 'i'he wellcrn part fioin 
the Andover canal at Kinibrid^e was conpU lcd to Deane, in 
Oclober 179B. Ston.es are to be ereded on the banks of thi> 
canal, at tvery J of a mile ihllance. 

SouTHAMP I ON Waii r. Aiis II Hcury VI 1 . and iS 
Henry VI 11 . — I'lii*? noble clluary of the A'lton and otlier 
rivers" has a N.W. diicelion (ur abmir 10 miles in Hamp- 
fiiirc. The tide flows through its whole length, and through 
a branch theiv<jf more than J miles in hngili to near 
Boiley; S'mthiimp^on ojuter is navigable for large (hips; 
it commences in ilit ch.uniul httween ll.iti pihirc and the 
Ifle of Wight at Cabhot Gaelic, and terminates near 
Red-bridge where 11 is joined by the A'lton river (forineily 
navigable near 6 miles 10 Romfey), and t!ic Andover canal 
mar one of the tcumnations of iiw S> uihampton ami Sidif^ 
3 /;rv canal ; mar Sdiflnny it is joined by xV^Juh'ui river, 

( ibout i of a mile fiom i. c commincemciit of the S .i.lhumptr,n 
cud SAi/hury ciwuiu) In t!.^ 4;d of Geo. 111., an act 
paficd for e.iiargmg :i»’d the quay and luirhonr of 

Southampton, b/ tor.i'b ig a pier and other works which 
commenced in D.eceiber and liavc fincc bein pro- 

ceeding. 

STAFroun.Mi III! and Won. 1 1' in 1 » siiin K Can al. Acts 
6,1:*, and of Geo. HI.— Tiie geuiral dncaion of this 
canal (fo naimes t aVitd the Vvtd.’eibamolon canal) is nearly 
noiiii tor 4^1*0 milts in the couulies of Worcedcr and Stat- 
fjrd ; its n iddle part is very confiderably cltvateJ, and 
It cioflls the graniUi:dge Without a tiimitfl ; its trade, 
in the export ot coals, ]>()ttiry-\vares, hind wares, Uc, is 
iuvneiire, beCui.r. tlic gemrd tra^ie between the the 

Mcrfjy^ and inrUi wSntdi tor a long time pa.U'd fxc.alivcly 
tlirou r\i it. Near to Stourton, and to btewpiuKy, it k- 
joined by tl:r Stourbridge cai al, and at Ald:rfley or Anthei * 
ley by Uic Old Binninghum canal. Wolverhampton is the 
- -1 - inhabitants, and Kiddcnmn- 

" "toiirbridgr, 
on or 
river al 


ccM Southampton ano Kiaiiiuury, M.w;.., mvil 

and the txport of the furuliw Stourport, and terminates m the lieu, m.d Maj.j canal a 
e-r-tdiate country. This canal Great Haywood. From the urtirr/J nver at Stourpoit, tv> 
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f>Ftlic fummit-poiind, ii miles, h a rife of 166^ feet by 18 
locks ; thence to the old Birmingham canal, i J mile, is level ; 
thence to Street-way, 8f miles, is level to the N. end of the 
fummit-pound ; thence to the Trent and Merfey canal at 
Haywood, 13! miles, is a fall of looj feet by 13 locks. 
This canal is 30 feet wide at top, and 3 feet deep, thoujfh 
the depth of w^atcr on the lock-fills is only 4 feet. Tlic locks 
are 74 feet long and 7 feet wide ; and fcvcral of them arc 
built of a red kind of free-ftone ; the boats in general carry 
20 tons. At Stourport arc two bafons belonging to this 
canal connefted with the Severn river by flood-locks to keep 
the water in them always at one certain height. On this 
canal are three fhort tunnels ; one is near to Stewponey, the 
other at Whitlington, and the other is an arched-way under 
part of the town of Kidderminftcr ; at which place there is 
an aqucdu^l -bridge over the Stour river, another at Preft- 
wood on Wordfley brook, another near Milford on the Sow 
river, and another at Haywood mill over the Trent river. 
In Chillington is a large refervoir, and at Mofcley another, 
whofe waters are conveyed to the fummit-pouncl by feeders 
of confidcrablc length. This company may make branches 
to any place within 1000 yards of the line by confent of the 
land-owners. Mr. Jamrs Brindley was the engineer to this 
canal, which he began in September 17^)6, aud finifhed in 
1772. The firft lock which this engineer creeled was at 
Crompton, on this canal. This company were aulhorifcd to 
raife ioo,oool., the amount of each fharc being tool. In 
September laft (i8o»;), the yearly dividend on thtfc was 
Hated to be 24I. ^fhe rates of tonnage are Hated (in Mr. 
^ohn Cary^B excellent work with maps, now publiming in 
numbers, on Inland Navigation,) to be i^d. per ton (i^colb.) 
per mile on all kinds of articles except lime and lime-ftone, 
which pay only ^d. per ton ; and paving and road materials, 
and manures for adjoining lands which are to pafs toll free 
on the pounds, and through the locks when the water flows 
over the lock-weirs. By the Dudley aft (16 Geo. HI.}, 
coala brought from that canal and carried on this may be 
charged xd. per ton per mile, but commiflioners may autho- 
rife lowering this toll. The iifual charge made by barge- 
men in 1796 for freight (including the company’s tonnage) 
was, for pcrilbablc goods aid. per ton per mile, and for 
heavy unperiflbablc goods 2d, In 1802, a tunnel 5 feet in 
diameter and 133 feet long, compofed of cylinders of call- 
iron, was laid under the river Penk near this canal for 
draining a morafs of 500 acres. In the laft feffions (45 Geo. 
HI.) appbeation was made by this company for a new aft, 
to raife tne tolls in order to make new locks, the old ones in 
fomc places being decayed and nearly worn out, and for 
making fome new rail-way branches. The Stour river between 
Stourport and Stourton, by the fide of this canal, was made 
navigable fcveral years ago, but the works thereon were foon 
after deftroyed by a great flood. In the prefent month (No- 
vember iSoj), a rail-way branch from Latherford in Sharef- 
hill is propoled, to Mr, Henry Vernon's collieries in Bulh- 
bu^. 

Staimfouth AMD Keadby Canal. Afts 33 and 38 
of Geo. III. The general direftion of this canal is nearly 
W. ; for 15 miles in the counties of Lincoln and York, it 
has its courfe through level fens and is but little elevated 
above the level of the fea ; its objefts are the import of coals 
and export of agricultural produce, with a better drainage 
of the country through which it pafles. Thorne is the only 
confiderable town neat this line ; which commences in the 
Trent river at Keadbv, and terminates in the Don river at 
Fiihlake near Staintorth, having alfo a branch 1 mile in 
length which joins the Don river at Hangman-Hill in Thome ; 
the whole is on one level, liavitig tide or fiotid-locks at its ex- 


trenrities to regulate its height notwitbftanding the variable 
tidea and floods in the adjoining rivers. A refervoir of 5 
acres is conftrufted on Thorne Common,' and the wafte 
water from this canal is to be difeharged into the Trent, 
In 1762, when Mr. ^ohn Smeaton was confuked about the 
drainage of Pottcrick Car, a navigable canal through tbefc 
fens was in contemplation. Thi.s company were aijtborifed 
to raife 34,200!., the amount of (bares being lool, each. 

Stoke River. The direftion cf this river (fometimes 
called the Winfon) is W. for about 8^ miles in the county 
of Norfolk ; it is embanked nearly its whole length through 
the fens, and is but very little above the fea ; its objefts arc 
the import of coals, deals, &c. and the export of agricultu- 
ral produfts. Downbam is the only conhclerable town near 
it ; it commences in the Great Oufe river between Denvers- 
fluice and Saltcrs-Load, and terminates at Stoke- Feiry near 
the town of Stoke. 

Stort River. The general direftion of this titer it 
almoft N.E. by a bending courfe of about 13 miles between 
the counties 01 ElFcx and Hertford ; its northern extremity 
is confidtrahly elevated ; its objefts are the import of coals, 
deals, &c. and the export of farming produfts. Hoddefdon 
and Biniopftortford arc conliclerable towns near this river ; 
which cominences in the Lea river near Hoddefdon, and 
terminates at Bifliopilortford. In i}S3, this navigation was 
propofed to be joined at its norlhcrn end by the Bijhopjlort^ 
ford and Cambridge^ anil in 17S9, it was intended to join the 
Bj/bop/lortford and Wilton aft the fame }>l'acc. 

Stour River {^Chrijlchurchf The direftion of tliis 
river is nearly N.W. for about 33 miles in the counties of 
Hants and Dorfet ; its northern end is (..uniidcrably elevated ; 
its objefts are the import of coals, deals, &c. and the export 
offarmingprodufts; Chriftcluirch, Wimborn-Minllcr, Bland- 
ford-Forum, and Sturminfter-Newton, are confiderable towns 
on this river ; which commences in the tide-way in Chrift- 
church-bay at Chriftchurch harbour, and terminates at the 
town of Sturminftcr. At Gains-crofs in Shillington-Okcford, 
it is to be joined by the Dorfet and Somerfet canal, lu 1 7^)2, 
Mr. John Smeaton was confuked on the intended improve- 
ments in Chriftchurch-harbour ; the fpring-tides in this har- 
boiir flow only 3 to 7 feet, and the neap-tides no more than 
4 to 6 feet ; and 3 hours after high water there is a fecond 
or fmalUr tide, which flows in the harbour from 8 to iS 
inches, being greateft at the neap-tides. In the reign of 
Charles II., a pier of 236 yards in length, was conftrufted 
of lumps of iron-ftone out of the loofe fandy-cliff near it, 
and Mr, Smeaton^ in 1764, planned another pier to be built 
for the better fccurity of this harbour. 

Stour River [Harwich,) The general direftion of 
this river is nearly W. by a bending courfe for about 29 
miles between the counties of ElTcx and Suflex 5 the firft 10 
miles is a wide eftuary through which the tide flows, the 
weftern end is not greatly elevated ; its o^efts are the im- 
port of coals, deals, &c. and the export of farming produfts ; 
Harwich, Manningtree, Neyland, and Sudbury, are confi- 
derablc towns on this riv.er; which commences in the Stow- 
market and Ipfwich navigation (near its junftion with the 
German Ocean } at Harwich, and terminates at Sudbury. 

Stour River [Sandwich,) Aft 7 Henry VII. — Tlyc 
general direftion of this river is 'nearly W. by a crooked 
courfe of about 18 miles in the county of Kent; it is but 
little elevated above the fea in any part ; its objefts are the 
fupply and trade of Canterbui7, and the export of fanning 
produfts. Canterbury is the 37th Britifli town with a po- 
pulation of 9,000 perfons, and Sandwich is the 93d with 
6,306 perfons, Ramfgate is alfo a confiderable place near to 
this river; which commences in the £ngli(h Channel or 
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Downs at Sandwich Haven j[ 1 1 mile from Ramfgatc-har« 
bour), and terminates at the city of Canterbury ; the lower 
Hid of this river, for i^ mile in Peg well bay, has its courfe 
through (hifting fanda which are dry at low water, and 
covcied at high water; it is therefore iinfiiitcd for large 
veffels to enter, and Ramf^atc harbour i& the only fecurc retreat 
for (hips in cafe of a llorm on this part of the coalt. The 
celebrated piuns which form this harbour were begun in 
1749 » the fotJthcrn pier extends 800 feet calbward into the 
fea, it then returns northward, forming the front next the 
Downs, by a polygon of 5 Tides, eacli 450 feet in length ; 
thefc arc joined at their angles by o^ldgons of folid inakinry 
that are 60 feet acrofs ; the breadth of tlie pier at top in- 
cluding the parapet is 26 feet, and the whole is built of 
hewn Portland and PiKbeck (lone. The entrance for fliips 
is from the noilh nearly, and is 200 feet wide, having a 
iight-hoiife with ArgaiuPs refleding lamps on its wctl head, 
and this is coni.edcd with tlie (bore by a fimilar, though 
(hart pier, as on the foutheni lide. The area of the famous 
!iariv)iir, thus formed in the open fca, is 46 acres, and it is 
deep enough to receive lliips of 4 or <;co tons burthen. A 
fpacioiis dry-dock Tor the repair of fliips conned s with this 
ha! hour. In a few ycr.rs after the piers were compleud, 
this harbour was nearly choaked witli nnid dcpoTited by the 
tides. Mr. Stht\i*on^ who was confulted, erected 

a crofs-wall at thvi uppcnnoll extremity of the harbour 
with numerous Unices therein, hy the drawing of which, 
after the tide lias retired and left this rcTervoir full of water, 
the mud has been fi-ire cfFedunlly fcourtd out ; this excellent 
engineer alTo extend.-'d rlic pier 400 feet at the head. Nearly 
fliips liavc hteu known at once to aflemble in this har- 
boui fur (belter on the approach of a llorm. An ad 5 Geo. 
Ill,, pafled for impmviug this harbour as above, and by 37 
Geo. in. the tonnage charged on vefldb pafliiig the Englilh 
Ciianncl Tor the fnpport of Rye-harbour, was transferred 
to this harbour as bclorc ineniioncd. In the years 1802 and 
1804, the Canterbury and Nkholas-bay canal was intended to 
join the Stour river at Canterbury ; and in ivSo2, tJie Mtd^ 
^asandRotherciiin?\wA^ propofed tojoin it near thcfaiue place. 

Stour River [Stour bridy^c,) Many years ago tjie Stour 
river from the Severn at 8toiir-port to the town of Stour- 
bridge, (paffing the town ol Ividdcrminflcr,) ationt J4 miles, 
was made navigable by means of fluices, weirS| and otlicr 
works ; but fooii after there happened i*o fuddeii and violent 
a flood as to dcllroy all thefe wo ks. St<^or(l and 

Worcejler, and the Stourhrid-e canals, have Tiiicc fupplicd 
more efFcdually the place of this river navigation. 

Stourbridge Canal. Ads lO and 2jd of Geo. TIJ. 
The general diredion of this canal is nearly E. by a crooked 
courfe of about 5 miles in the county of Stafford ; its eallcrn 
end is confiderably elevated, and exteiivls within about 3 miles 
of the grand-ridge on its eailern (ide ; its of>i< ds are the ex- 
port of coals, iion-ftone, &e. and forming part of the con.- 
municatiou between the Old Birmingham and the Severn^ 5 cc. 
Stourbridge and Dudley arc conlidevahic towns near rhci 
line ; which commences in the Staffordjhire and IVorcsJierJh'ire 
canal near Stourton and Stewponcy, and terminates in the 
Dudley canal at Black-Dclph ; there is a branchy of near 1 
mile to the town of Stourbridge, and a branch ct 2 miles to 
Penfnett-Chafe refervoir, with a fidc-branch thereto of near 
{ of a mile in Bricrly parifl*. From the Stafford and IVor^ 
sejler canal to near Stewponey, J of a mile, is a rife of 43^ 
feet by 4 locks ; thence to the Stourbridge branch, 2 miles, 
is level ; thence to the Lays, if mile, has a rife of 148 feet 
by i6 locks ; thence to the Dudley mile, is level; 

the Penfnett and Bricrly branches are level with the laff or 
fummit-poundi and the Stourbridge branch is level. The 
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depth of water 3 feet. 
T.hc Penfnett-Chafe or Fen refervoir is 12 acres in extent, 
for fupplying the head-level of this canal. This company 
were at lirll authorifed to raife 30,000!. in tool, (hares; the 
lull ad authorifed calling upon the Cubferibera for 7,500!. 
more, by which their (hares arc now incrcafcd to i ; ^1 each. 
The rates of tonnage will be found in Mr. John CVy’s 
Inland Navigation, pages 50 and 51. Goods may be navi- 
gated on the fumniit-lcvLl toll free; and road-matcrials and 
manures for adjoining Linds, may alio be cairicd un any of 
the pounds toll free. Lefs than i *5 tons are not lo pafs any 
lock without confent. Side-branches may In* mndc to the 
adjacent collieries. 1 he Worerjler and Btnuin^hatn company 
were bound (a6l 31 Geo. IH.) to make up the proflts of 
this concern to 9 per cent per annum, in cafe of tluir casjal 
leffening the trade hereon; but on the rxleiiTion of the 
Dudley canal to join the If^crceJItr and Birmingham, the laft 
mentioned company were exoneialed therefrom, and the 
Dudley engaged (33 Geo. HI.) to make up the annual 
dividend ou the (bans in this concern to iri. each ; hut not 
to exceed jL, and this when their own canal yielded a 
dividend of 5I. per fluirc. The pail of this canal below 
Stourbridge (upplus the place of the river Stour navigation, 
winch was dcilroycd by floods as above nicntiontd. In 
1786, the Stourbridge and H^orcejlrr was prophff d to join this 
canal at btt>urbridgc ; as was alfo a branch Tnice propofed 
from the IVorc^er and Birmingham. 

Slourbiidge and V/urciJltT. In 178(^, a canal was pro- 
pofed, and iupporttd by the late lord Dudley and IVard, 
From the Severn river at D'glis below W'^orcclter city to the 
Stourbridge canal at iliat place, paffnig Bromfgrove; it& 
propofed length was 26 miles with 772 feet of lockage, by 
128 locks; fomc tunnels and other large works were ncceU 
fary ; a bill for thii canal paffed the commons, but was 
rejected by the hoiife of lords. 

SrovER Canal. Ad 32 Geo. III. — The general direc- 
tion of this canal is nearly N.W. ftir 6-1 miles in the county 
of Devon ; it is but little elevated ; its objeds arc the import 
of coals, (belly fca fand and lime, as manures, and the ex- 
port of potttn.s* clay (ufed in Staffordlhire, Lancafliirc, &€.) 
and a peculiar kind of imperfed coal found in fmall quantities 
at Btivey. Tracey ; Newton Buflicl and Chudlcigh arc coii- 
fidcrable towns near this canal, which commences in the- 
tide-way in the Teign river at Newton Abbots, and termi- 
nates at Bovey -Tracey, with a branch of 5} miles to the 
town of Chudleigii. From Newton-Abbots to Newton- 
Bufliel, 1 mile, is a rife of 20 feet; thence to Bovey, 5^ 
milts, 18 30 feet rife; (he Chudleigh branch is level. James 
Ttmplcr, cfq. is the foie proprietor of this canal, and Mr, 
Gray was his engineer. At Teigngracc, and the adjoining 
pariihes, the furplus w alcr of this canal has been applied to 
the irrigating of the lauds below it, a capital improvement, 
which wc are vei y anxious to fee more generally adopted. 

Stowmarhet and Bury Railvfay. In December, x8o2, it 
was in contemplaiioii to make a rail-way from the Stonamarketi 
and Ip/tnich navigation at Stowinarket, to the Lark, river at 
Bury St. Edmunds, for the purpofe of fupplying the latter 
place, and the intermediate country with coals ; (the Lark 
navigation being often interrupted by droughts in the au- 
tumn ;) and for the readier export of farming produdti, 

Stowmarket and Ipswich Navigation. Ads 33 
and 45 Geo. III.— The general diredion of this navigation 
(which follows the courfe of the Orwell riverj i» nearly 
N.W. for about 26 miles, in the county of Suffolk, the firft: 
13 rniW, to near Ipfwich, being a wide channel or eftuary 
in the tide-way, the remainder is not greatly elevated ; itB< 
objeds are the import of coals, dcali, dec. and the export of: 
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farming prodtids ; it i«j. lined by tbe Sfotir river near Har- 
wich. Ipfarich is the 41ft Britifh town, with a population 
of 11,277 perfons. Harwich, Needham, and Stowmarket 
i<re alfu confiderable towns near this navigation ; which com- 
mences in the German ocean at I-<andguard fort, and ter- 
minates at the town of Stowmarket. This company were, 
by an ad prior to the above, authorilVd to raife 14,3001. by 
the firft ad above 1 j,oool. more m«ght be raifed ; the lall 
ad was for improving the port of Ipfwich by deepening the 
fame, fo that fhips might unload at the wharfs, &c. In 
December. 1802, it propofed that the Sto^ivmarkei and 
Bury rail-way (liould join this navigation at Stowmarket, 
SraATFORD Canal. Ads ,3.5, 3';, and 39 Geo. III. — 
The general diredion of this canal is nearly N. for 23:*- miles, 
in the counties of Warwick and Worcdler; it is very 
coiifiderably clev;Ued, and croifes the graiul-ridge : its objeds 
arc the export of coals, lime, and paving.fhmes, and as a link 
in the great chain of canal communication ; at Kingfwood in 
Rowington a branch of this canal conrieds with the War- 
wick and Birmingham : Stratford-upon-Avon and Henley 
are confiderable towns on or near this raiul, which com- 
mences in or near the jivon river at Stratford, and terminates 
in the Worcejler and Birmingham canal at King’s Norton, 
about 6 miles from Birmingham. From near Hockley there 
is a branch 2f miles long to Tan worth qnatries ; fiom near 
Lapworth there is another branch of ij miles to the JVar 
^uick and Birmingham canal ; and from near Wilmcote is a 
branch of 4 miles to Temple-Grafton lime- works, with a 
branchof about l mile fromtliiscutto Afton-Cautclow. From 
Stratford to near Copnas-hill, 1 1 mile, is level 5 thence to 
Wilmcote, i mile, has a rife of 86 feet ; thence to Prefton- 
mili, 6 miles, is level ; tlience to Prefton-grecn, 1 1 mile, is 
a rife of 76 feet ; thence to Lapwmrth-halT, i mile, is level ; 
thence to Hockley Heath, aj miles, is a rife of 147 feet ; 
and thence to the Worcejler and Birmingham lo miles, 

is level ; the Tanworth branch is level, and conneds with 
the fummit-pound ; the Tcinple-Grafton cut is level for the 
firll 2} miles, and in the next i| mile the rife is 20 feet. Near 
Milcpole hill is a tunnel of 320 yards in length ; there are 
feverai fmall aquedud bridges ; and fome deep-cutting near 
Waring’s Green, In May i796thc fuminit-lcvel of this canal 
from the W orc^er and Birmingham canal to Hockley -heath was 
completed and opened. Tins company was authorifed to 
raife 225,000!. tnc amount of lhares looh The rates of 
tonnage and exemptions arc very long ; fee PhilUfs^ 4to. 
Hifioryt Apb p. Ill and 112. At the jundion with 
the Worcejler and Birmingham canal (lop-gates arc to be 
creded, to be fliut and locked by cither company, when the 
fupplies of the other canal fail in drv feafons; with the Dudley 
and Worcejler and Birmingham canals there ai*e a number of rc- 
gulationsas to tonnage, in the fecond av'f above (3 ^Geo.IlI.), 
About the year 1792 the Stratford and Croperdy canal was 
propofed to join this at Stratford. 

Stratford and Croperdy. About the year 1792 a canal 
was propofed to conned with the Avon river and Stratford 
canal at Sti*atford, and proceed to the Oxford canal at Cro- 
perdVf by a courfe of about 3 1 miles in length ; this being 
the louthem part of the propofed line between Dudley and 
Croperdy ; the northern part thereof being fincc occupied 
by the Stratford and the Dudley canals. 

SraouDWATEK Canal, Ads 34 Geo. II. 15 Geo* 
IIL 23 (for Thames and SevemJ^ and 33 and 37 Geo, IIL 
(for GlonceRer and Berkley^ — The general diredion of this 
canal is about £• for d miles, (following nearly tbe courfe 
of Siroudwater river,) in the county of Gloucefter { it is not 
itly elevated t its objeds art the import of coals, and 
* ig part of the firft dired communication between tbe 


Severn and Thames and Ifis rivers ; at Wheatenhurft the 
Gloucejler and Berkley canal erodes and conneds herewith, 
Stroud is the Ji4th Britifh town, with a population of 
5,422 perfons. This canal commences in the Severn river 
at Framiload, and terminates in the Thames and Severn 
canal at Wallbridge near Stroud ; from the Severn to the 
Thames and Severn, there being a rife of 108 feet: this 
canal is wide enough for the Severn river boats. The en- 
gineers were Mr. Thomas l^oman and Mr. Robert Whitworth. 
The fir ft of the above ads was for powers to raife 20,oool* 
in 200). (hares, intending to execute the works under the 
powers of an ad of 2 Geo. II, for improving the Stroud^ 
water nver, but feverai expcnfivc law-fuits put a (lop to the 
works, as wc have already mentioned, until the fecond ad 
was obthined : a double lock of 14 feet rife 011 this canal 
had a flipping bank of earth 20 feet high by its iide, and 
gave immenfe trouble, to prevent the walls thereof being 
bulged in, this was at laft arcumpliihed by ihc turning of two 
dry drains of four feet diameter, between the lock and the 
bank. In 1S02 the dividends on (hares in this concern were 
61 . each, and their price was about 225I. This canal has 
no liorfc towing-path, but llilcs are creded thereon, and the 
barges are hauled by mcna Where this canal croffes the 
Gloucejler and Berkley, llop-gates arc to be creded to prevent 
this cniuil from lohng its w-ater; no dues are to be taken fer 
vcffcls eroding eithfi of thefe ciinals. If, w'hilc* the Cloucef. 
ter and Berkley is cutting, the navigation of this canal is 
interrupted, five guineas per day are to be paid to this com- 
pnny ; vcfTtls pafTuig to or from the Berkley and Gloucejler canal 
and this, are to pay the fame tonnage as to and from the 
Severn at Framiload. This company arc authorifed to take 
28 . /jd. per ton for coals w'liich pafs through this canal, and 
on the Thames and Severn canals, but not beyond Brinfeomb 
bridge thereon, and for fuch coals as pafs caftward of Brinf- 
eomb bridge, Ts. per ton. 

Stroud water River. The ad of 2 Geo. It. pafTcd for 
making this river navigable between the Severn and the town 
of Stroud, a diilance of about 8 miles, as above ; but the 
oppolhion cif tlic millers and others prevented its being ac- 
Gomplifhcd, until 34 Geo. II. when Mr. Bridge undertook 
to conftrud the navigation, without wafte of water or pre- 
judice to the mills, by means of cranes to hoill the goods in 
boxes out of the boats in one pound, and place them in 
others in the adjoiiibig pound-?, as wc have before deferibed; 
but this fcheme roifearried, and the projedors were nearly 
ruined: at length the Stroudwater canal was conllrudcd by 
the fide of this river as above. 

Surrey Iron Rail-way, [Northern part). Ads 41 
and 4 3 Geo. III.— This, the firft public rail-way conllrudcd 
near the metropolis, has about a S.E. diredion, for 10 miles, 
in the county of Surrey : its fouthern end has a confiderable 
elevation ; its objeds arc the import of coals and manures, 
and the export of chalk, flint, fire-ftonc, fullcrs’-carih, ^nd 
agricultural produds. Croydon is the* 108th Britifh town, 
with a population of 5703 perfons ; Wandfworth is alfo a 
confiderable town on this line ; which commences near the 
tide-way in the river Thames at Wandfworth, and terminates 
at the turnpike-houfe S. of Croydon, in the fouthern part 
of the Surrey iron-rail-way; at the N.W. extremity of 
Croydon the line of this railway is but about I of a mile 
from the Croydon canal ; from Mitcham common a branch 
goes off for about mile to Mr. Shipley^ s (kin nine mill at 
&ar(halton ; and, to Meffrs. Were and oil-mill, about 

^ of a mile, there is another branch at Garrat-lane. This 
rail-way has nowhere a greater afeent than about x inch in 
xo fect: it is double throughout, with numerous croifing 
places for the carriagt out of one road or track into the 



CANAL 


other; of thcfc we have already given a panictilar account, as 
alfoof the contrivances for (hooting the contents of the rail, 
way waggons, on fojne occafions, into baigee lying in the en. 
trance bafon at Waudfworth, which is about ^ of a mile long, 
with a lock next the Thames ^ and is fpacious enough to hold 
30 barges or more at once, feveral of which can lie along the 
wharf to load or unload at the fame time. The width of each 
track is about feet, the waggons carry about .3^ tons each, 
and feveral of them arc often linked together to be drawn by 
one borfe. This rail-a'ay crofles the Wandle river tv^icc on 
wooden bridges. On the 9th of Jatiuary, 1802, the entrance 
bafon at Wandfworth was completed ana opened ; in Odf ober 
of the fame year, the rail-way from the fide thereof crofling 
the turnpike road, and extending to Garrat was complctt-d, 
and in the courfc of the prefent year it was opened to Croy- 
don. The company were, by the firft a£f, authorifed to 
raife 30,000!. and a further fum, l^ the aft of the late 
feffions, the amount of (hares lool. Few fubjefts have been 
more variably (fated than the cod per mile of this rail-way. 
Mr. yohn PhiU'pSi after noticing in his Htflory the com- 
mencement of this work, adds, that iron rail- ways are made 
at an expence of about jool. per mile. The original edimate 
was, we believe, 2000I. per mile; at a public meeting at 
Gofport, in September 1803, it was dated by fomc favour- 
ers of the extenfion of a canal from Croydon to Portfmouth, 
that the expenditure on this rail-way had amounted to 6,400!. 
per mile ; but the advocates for extending this rail-way to 
rortfmouth in dead of a canal, then contended that the ex- 
pence did not exceed 4,500!. per mile; while Mr, James 
Malcolm^ in his Agricultural Report on Surrey, jud pub- 
li(hed, after dating the great pains he had been at to come 
at the fafts, fays, “ indead, therefore, of the expence being 
2000I. per milci it appears as if it would be 700oLr’ (this 
includes all the expenditure of the company). ^ The rates 
of tonnage are from 2d. to 6d. per ton, per milei for dif- 
ferent goods ; and owners of adjoining lands may ufe the 
rail-way as a drift road. Ten pounds annually are to be paid 
to the city of London by this company, for con&e<king with 
the river Thames. 

Surrey Iron Rail-way) {Soulhern part). Aft 43 
Geo. III.— The general direftion of this line mil-way is 
nearly S. by a bending courfe of about 16 nltlci, in the 
county of Surrey ; upon the chalk-hills or Nofth Downs, 
it is greatly elevated ; its objefts are the import of coals and 
manures, and the export of chalk, lime, fire*ftone, free- 
ftonc, flints, fullers’-eartli, and agricultural produfts. Croy- 
doM is the To 8 th Britilh town, with a population of 5,743 
perfons ; Ryegate and Goddonc arc alfo conliderablc towns 
on or near this line, which commences in the northern part 
of the Surrey iron rail-way at Croydon turnpike, near the 
foutbern end of that town, and terminates at Godlloiic, 
paffing near to the towns of Mcrftham and Ryegate in its 
courfc. It has a rife or fall of i inch in 10 feet, in croffing 
the Downs : near to Mcrftham is a confiderable length of 
cutting 30 feet deep in fomc places, in order to obtain the 
proper defeent ; at Smitham-bottom is an embankment of 
20 feet high, acrofs a valley, for the fame purpofc, with a 
road-arch under it ; it crolfcs the Croydon and Ma*ftham 
road in another place by an arch, and the road is funk 
confidcrably in order that the rail-way with its proper dc- 
feent may pafs over it. The width of this double rail- way, 
including a path on each fide for the carriage drivers is 24 
feet. Some of the waggons hereon have their forc-whccls 
placed quite forward, and the hind-wheels nearly under the 
middk of the waggon, by which means ftoncs, &c. can 
eaflly be (hot out of them when required. Near to this 
rail-way at Mcrftham there it a quarry of white loft free- 
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(lone (much fimtlar to the Totternhoe-ftone on the Grande 
fummit branch). The (hares in this concern are tool, 
each. In September, 1801, it was in contemplation to make 
a branch of intended rail-way from near Ryegate to 
the Arnn rivci at Wifborough green ; and another branch 
or rather an extenfion hereof, from near Godftone to the 
Oufe upper navigation at Linficld. About the month of 
June lalt ( *805,) this rail-way between Croydon and Merf- 
tham was opened, and 12 waggons loaded with Hone, weigh- 
ing 387 tons, were drawn with cafe by one borfe for 6 miles 
down the defeent to Croydon-turnpike, in i hour and 41 
minutes ; from which place the fame hoife fet off again with 
4 other loaded waggons attached, and perfons riding on them, 
making in the whole more than 55 tuns, which it was faid 
he drew^ with apparent eafe ! 

Swale Rivkr. The general direftion of this river is 
nearly N.W. for about 35 miles, by a crooked courfc in the 
Nortn Riding of Yorkfhire. Its northern end is very con- 
fiderably elevated, and this river is fubjeft to rapid and al- 
moft uncontroulable floods : its objefts are the carriage of 
coals, and the export of farming produfts. Aldborough 
and Richmond are confiderable towns near, or on this river, 
which commences in the Tore river at My ton ; and the na- 
vigation was intended to terminate at Richmond. In 1767, 
Mr. John Smeaton was confulted on the propriety of moving 
Topeliff mill to a new feite, in the defign wliich the pro- 
prietors of this navigation had adopted ot building new mills 
in feveral places, and on which it has been faid that 30,000!. 
was expended, and but a fmall part of the above line was ren- 
dered effeftually navigable. Mr, John Smith jun. was the 
refident engineer. In 1801, the Topeliff and Pierjbridge was 
propofed to join at Topeliff. 

Swansea Canal. Aft 34 Geo. III.— The direftion of 
this canal is about N.N.E. for 17^ miles in the counties of 
Glamorgan and Brecknock, in South Wales. Its northern 
end is confidcrably elevated ; its objefts arc the export of 
coals and iron-ftone, iron, Bcc. the carriage of lime to the 
intermediate works and country ; and copper-ore, to the 
works, &c. Swanfea is the 99th Britilh town, with 6,099 
inhabitants. This canal commences in Swanfea har- 
bour, in Swanfea bay, at the mouth of the Tave river, and 
terminates at Hen-noyadd lime-works : a part of this line 
between Llandoor brook and Morris town, i{ mile in 
length, (called Morrises canal) through the eftate of the 
duh of Beaufort^ was conftrufted by that nobleman, who 
receives the tolls thereof. From near Swanfea to Llanfamlet 
is a branch of 3 miles in length ; and a rail-way branch of 
about 2 miles to a large coal mine, where an audit or tunnel 
of 3 n 'les in length has been made under ground, and out 
of vh:ch 200 tons of coals are daily brought ; on an in- 
dir s*d-plane on this branch, near i mile in length, the coal- 
waggons defeend without horfes, regulated by a convoy or 
buike, as we have before deferibed, and the empty wag- 
gons are drawn up the plane again by horfes. From the 
tide-way at Swanfea to oppofite Pont-ar-Taw, 8} miles, is 
a rife of 105 feet ; thence to Pont Gwaynclawdd, 8 miles, 
is a rife of 230 feet ; and thence f of a mile to Hcn-iioyadd 
is a rife of 31 feet. An aft 44 Geo. III. paffed for amend- 
ing two former ones, for building piers, and deepening and 
improving the harbrmr of Swanfea, under the direftion of 
captain Jo/eph Huddart, About the year 1797 * 1 ^^ weflcrn 
pier, extenaing 228 yards into the fea, was completed-; 
which had the efleft of confining the current of the Tavc 
river, and deepening the mouth of the harbour 2 feet : in 
1802 this pier was extended 57 yards farther out, and in 
November 1804 a jetty thereto was completed. In April 
laft (1805) a new pier was begun on the caftern fide of the 
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harbonr, which is to be cKtenJed out and brought round canal was intended, but never executed, through thia Kne, 
weftwardly, within 70 yards of the other pier, For efFcclu- and extending to the Irifh Channel, called the Bud€ ofid 
ally fccuring and fcouring the mouth of the harbour ; dry Launeejion canal. 

and wet docks are alfo intended, and by embanking the Tamar River, The general direftion of this river is 

river, a molt fpacious quay is to be formed. From this nearly noith by a crooked courfe of about 6 miles, between 
port, in 1768, only 694 (hips cleared out ; in 1790 thefe the counties of Devon and Cornwall ; the tide flows through 
were incrcafed to 1677 fliips, and in ivSoo to no lefs than its whole length; Beer-Afhton is a con fidcrable town near 
2590 of 134,264 regiftereJ tons. W ithm 2 miles of Swan- this navigation; which is ufed for the import of coals, fea*. 
fea, feven large copper-works have ol late years been creel- fand, lime, dec. and the export of (late and agricultin^ 
ed, for fmelting of roafted oru* from tlie Cornifh and An- produ6l8. It commences in Hamoaxe and terminates in the 
glefea mines, brought in fliips, which return laden with Tamar Manure navigation and Tavi/loch canal, at Morwcll* 
coals for working the minc-cnglncs and roafting the ore : ham quay near Calflock. In the year 1774, an a6^ pafled 
the number of iron-furnaces, potteries, and (Uher large for tlie Bude and Launeejion canal intended to conneA with 
works near this place arc alfo conliderable. This canal this at Calflock, but it was never carried into execution, 
company was authorifed to raife 90,000!., the amount of Tarbeth Canal, In 1773, Mr, ZKrt// furveyed the iflhmuft 
(hares lool. each ; and it was provided in the aft, that this between Eafl: and Weft Tarbeth lochs, on the weft coaft of 
canal (hould be completed in 4 years ; feveral rail- way Scotland, for a canal to communicate between Loch Fine 
branches may be made thereto. The engineer was Mr. and the found of ; the diflance of high-water mark in 
Thomas Sheajly^ and the canal was completed and opened the two lochs he found to be i mile, and the height of the 
in Oftober 179?^, The rates of tonnage may be feen in ridge between them, 43 feet above high-water at neap tides. 
PhUlhs'B 4to. Hiflory, Appen, pages 166 and 167. Boats Mr. Watt's different eftimates were, for a canal with locks 
with lefs than 1 «; tons, when the water does, and 10 when it 7 feet deep, 17,988!. j and for one 10 feet deep and a pro- 
docs not flow over the lock-weirs, are not to pafs without portional width, 23,884!. Tlic cxpcnccs of a thorough 
leave or paying for that tonnage. In the year 1804, 34,235 cut without locks, of 12 feet deep at high-water, 73,849l.t 
tons of coa! and culver were brought down this canal for ex- and for one of 13 feet deep, 120,789^ A very large canal 
portatiop, and the grofs tonnage on this canal amounted to has fince been formed about 13 miles north of this, called 
3^90!. In Swan fea harbour, Swanfea and Oyftermouth the canal, which more cffeftually anfwers the puipofc 

rail-way coiuiefts with this canal. of communication between I.ocli Fine and the found of jura* 

Swansea and Ovstermouth Rail-way. Aft 44 Tavistock Canal. Aft 43 Geo, III. — The general 
Geo. III. — The general dire^lion of this rail-way is nearly direftion of this canal is N.E. for about 4 J miles in the 
S.W. by a bending courfi?, following clofely the fea (bore, county of Devon ; great part of it is conliderably elevated 
for about 7 1 miles in length in the county of Glamorgan, above the level of the fea: its objeih arc the export of 
in South Wales : its objeft is the carrying of lime-ftonc, (late, coppcr-ore, and other minerals, and of agricultural 
lime, and coals. Swanlca is the 99th Bntifti town, with produfts; the import of coals, lime, and other ai tides for 
6,099 inhabitants. This rail-way connefts with the Swan* the fupply of Taviftock town and the furrounding country ; 
fea canal in Swanfea harbour, and proceeds thence to the and to facilitate the working of the mines in Morwellham 
Mumbles llmc-ftone quarries near Oyftermouth. In April down : this canal commences in the tidc-Way in Tamar river 
laft ( 1S03) this rail-way was nearly completed. There is a (near the commencement of the Tamar Manure navigation) 
ligbt-houfe on the Mumbles point for tne fecurity of (hips at Morwellham quay new bafon, near Calflock, and termi- 
entering Swanfea harbour, which was lately improved. nates at the town of Tavillock. From Crebar near the 

Tamar Manure Navigation. Aft 36 Geo. III.-— north end of the tunnel, it has a branch of 2 miles to the 
The general direftion of this canal is nearly N.W. for about flate quarries at Mill-hill bridge. From the Tamar river, 
22 miles, following the courfc of the Tamar river, on the f of a mile is level with high water at Morwellham quay; 
fouthern coall of the counties of Devon and Cornwall. Its thence in ^ of a mile, is a rife of 237 feet ; thence, about 
northern end is confiderably elevated : its objefts are the 3} miles to Tavillock is level ; the branch is level to New 
import of coals, and fea-fand and lime as manures ; and the (^larry, about if miles ; thence to Mill-hill bridge, j of a 
export of agricultural produfts. liauncefton is the only nme, is a rife of 19I feet. The locks upon this canal are 
coiifiderable town on this line; which commences in the to be calculated in length and wwdlh for the ufc of boats of 
tide-way in the Tamar river at Morwellham quay (the com- 12^ feet long, and 5 feet wide, cither fingly or feveral to- 
nicnccment of the Tavifloci canal) near Calflock, and ter- gjethcr, as on the Tamar Manure navigation above men- 
minatea at Tamarton bridge in North Tamaiton, with a tioned : but the company have the power to creft inclined- 
branch to Rich-mill grove in Launcellon. The Tamar is planes for boats, or boxes of goods, inftcad of locks, if 
to be made navigable as far as Port-pool near Blanch-Down, they think fit. Through Morwellham down, which is of 
before the canw commences. The locks are to be cither hard rock, and fuppofed to be interfefted by feveral fiffurcs, 
about 3 feet or pf feet wide, and 12^, 24^, or 36^ feet or loads filled with metallic ores, is to be a tunnel about 
long, in order to receive a number of finall boats, in length 2300 yards long, and about 460 feet beneath the higheft 
and fide by fide therein, as may be Judged bell. Inclined point of the dowm in its courfe : near Crebar is to be an 
planes and rail-ways may be fubftituted in place of embankment and aqueduft bridge 60 feet high, acrofs the 
locks on the canal in any part. This company is audio- Lumbourn river ; which is to have a new coinfe cut for it 
rifed to raife 121,000!., the amount of each (hare 30I. A for a conliderable diftance near the branch cf this canal be- 
feeder may be taken from the Tamar river, and aij fprings low New Quarry. This canal is to be fed from thc*Tavy 
within 2000 yards of the head level, and within 1000 river at Taviftock, and by any fprii^s or dreams within 
yards of every other part of the line; 20ol.*'pcr annum 5000 yards of the line. Mr. John Taylor is the engineer 
IS to be paid by this company to the duchy of Cornwall, to this canal and tunnel, which paffes entirely through the 
for the liberty of making this navigation. We have not eftate of the duke of Bedford^ who has leafed to this com« 
been able to learn what progrefs has yet been made pany the mines which may be found in the tunnelling, or 
in the cutting of this canal. By the aft 14 Geo. III. a within certain diftanccs of this canal. In February laft 
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(1803) about 300 yards In length of the tunnel had been 
cut, and a known load of copper-ore had been interfc6ted 
therein, which gave the bed hopes of difeovering other un- 
known ones, as llic work proceeds. This company is hu- 
thorifed to raife 30,000!., and tiic amount of each (hare 
3oh The rates of tonnage are for lime-done convey td 
through the tunnel, is. 3d. per ton; for building-llonc, 
dates, bricks, tiles, clay, fand, earth, dung, ores, iron, 
and metals (made marketable) conveyed tlirough the tun- 
nel, 2s. per ton ; and fo.- coals, coke, culm, lime, timber, 
balk, corn, grain, and all other goods palling through the 
tunnel, 3s. per ton ; building-done, Hate, &c. as above, 
carried on the whole, or any part of this rai al, or its 
branches, except in the tunnel, is per ton; and coah, 
coke, &c. 18. 6d. per ton. The lad rates are not to be 
charged on any goods either carritd or fnhfequcutly re- 
moved on any part of this canal, which have before paid 
the tunnel rates ; and ores may be carried to the drelling- 
ftoors, or the wade or rubbidi of mines or loads be removed 
to proper places on any part of this canal or its branches, 
free of tolls, llcfidts the above rates, all goods which pafs 
into, or from the Tamar river, and are not loadtd at Mor- 
wdlham quay, are to pay as follows for rtimburfing the 
owner and occupiers tlienof, for the lofs of wharfage on 
fuch goods, viz. (late 3d. per ton, lime-done 66. per ton ; 
ores, (made marketable) iron, bricks, tiles, clay, fand, 
earth, and dung, 6d. ; and all other goods is. per ton ; 
and over and above this, one penny per ton is to be paid on 
ail goods entering the canal bafon at Morwellham. The 
duke of Bedford may make collateral branches or rail-ways 
to this canal in any patt. 

Tavy River. The general dlre^lion of this river is 
N.E. for about 2^ miles in the county of Devon j the tide 
from the fouth coall flows through its whole length : its 
objc£ls are the import of coals, fca-fand, he, and the export 
of flate, cop^'tr-ore, 5cc. It commences in Hamoaze and 
terminates at Lophill quay. 

Taw River. The direction of this river, OYCftiiary, is 
nearly cad for about 8 miles on the north-weft coilft of Dc- 
vonfliire ; the tide flows through its whole length : its ob- 
jeds are the fnpply of Baindnple jmd the adjacent countiy 
with coals and other arti< 1..S, and the export of farming 
produces. This iiavig.'ition commences in St, George’s 
Channel, at Biddeford bay, and terminates at the town of 
Barndaple : near to Applcdorc the Torrulgc river joins this 
navigation. 

Tay River. The general diredion of this river, firth, 
or eftuary, is nearly weft for about 26 miles, between An- 
gus and Fife, and in the county of Perth in Scotland, The 
tide flows through its whole length : its objefts are the fup- 
ply and trade of Dundee and Perth, and the adjacent coun- 
try. Dundee is the i8lh Britifh town, with 26,084 per- 
fons, and Perth the 26th, with 14,878 pcrfoiis. This firth 
commcnccfc in the German Ocean, and lerminates at Perth 
bridge. This bridge, built of ftone by Mr. John Mylne, 
W'as fwept away by a rapid flood in 1621. In 1763, Mr. 
John Smeaton was confulted on the building of a new 
bridge ; and in 1 766 he began one of 7 arches, where the 
river was 893 feet wide : the depth of the Tay at this 
bridge at neap tides in dry feafons was only 2 feet, at fprbg 
tides 10 feet deep. At Stanley, 7 or 8 miles higher up this 
river, three foughs or tunnels of confidcrablc length (one of 
them from 12 to 9 feet wide arched with ftone) are driven 
thioiigh the hill, which occafiona a great loop in the river, 
by which 24 to 20 feet fall is gained, for a large portion of 
the ft ream, to work cotton- mills and other machinery ; and 
running in this fubterraneous channel it never frccacs. 
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Tees River, The general dircaion of this river is nearly 
S. E. by a crooked courfe of about 12 milts, between the 
counties of Yoik and Durham : the firft four miles arc by a 
very wide eftuary ; the tide flows through its whole length : 
ita objedls arc the trade of Stockton, and the export of agri- 
cultuial produfts. Stockton is a conliderablc town on this 
river ; which commences in tlic German ocean, at Seaton 
Nook, and extends to the town of Siockton. In the pre- 
fent autunm there was an initntion of improving ‘this navi- 
gation. In 180.:, tlic foundations were laid tor an iroii- 
hridge, to be ereded und-.r the diredlion of Mr. Jhoma/ 
li'lfj'jr:, ovei this river at Varm, a few miles above Stockton, 
in place ot an old (lone bridge, whofeclumfy piers had long 
ublliudled the current, and occafioneci the nvci frequently 
to overflow its banks. In 1768, the W'htji on and Stockton 
canal was propofed for txl ending this naMgation wcilw'ard 
to the coal diftrid about Winllon. 

Teign River. The diredion of this livcr, or eftiiaiy, 
is weft for about 4^ miles, in the fouth-talKiii coaft of Devon- 
ftiirc ; the tide flow's through its whole length : its ofjjcds 
are the import of Newcaftle or WcKh coals, and the 
export of potters* clay, bovey coal, and agricultural pro- 
duds : it commences in the Englifh channel, and terminates 
at New'toii- Abbots, at the commencement of the Stover 
canal, near to Newton-Buftiel. 

Tn'nhrulge and Wmsford. In 1763, Mr. Whitworth ipro» 
pofed a canal from the Severn river at Ttrnbridge below 
Shrewfbury, to the Weaver navigation at Winsford, 63 4 
miles, in the counties of Salop, Stafford, and Chefter, with 
a branch therefrom, near Bridgeford ; 43 miles, to the Trent 
river at Wilden-Fcrry. From the Severn to the fummit or 
grand-ridge (requiring 25 feet deep cutting,) below Offley- 
Park, 24 miles, is a rife of 136} feet ; thence to the Trent 
branch, ( 1 mile below' Bridgeford,) 7J miles, is a fall of 54^ 
feet ; thence to tlic fummit or grand- ridge again, (requiring 
23 feet deep-cutting,) in Madeley park, loj miles, is a rife of 
800J feet ; thence to the navigation, 22 J miles, is U 

fall of 284 feet : the branch from Bridgeford to the Trent 
has a fall of 209} feet. The courfe of this canal is by 
Wansford, Allfcot, Crudgington, Chet win park, Batchacre- 
Grangc, Ecclcfliall, Standon, Wyburnbury, and Barton- 
crofs, near Nanlwich. The branch is conduclcd by Staf- 
ford, Tixall, and thence folltiwing within a fmaH dittance 
the courfe of the Trent rivtr. This canal was propofed to 
be 27 feet wide at top, iS at bottom, and 3 feet deep, with 
a towing path on both fides ; the locks 60 feet long and 
13 wide, and about 10 feet rife each : the boats of 50 tons 
burthen ; 78 road bridges, and 23 accommodation bridges 
were thought neceffary, and 162 aqueduAs and culverts : the 
eftimated cxpencc w^as 99,800!. The Stajfordjhirc and Wor^ 
cejietfbire and the Trent and Merfey canals, which were 
adopted in the following year, cmbi*accall the general objefts 
of this canal. The Sandbach^ and the Newport and 
Stoncf have fince been propofed to occupy parts of the 
fouth-weftem end of this line, but, like this, were over- 
ruled. 

Thames River, {lower part), Afls 19, 29, 39, 42, 
43,44, and 43 of Geo. III.— This fine river, by far the moll 
important for trade, not only in Britain but in the w^hole 
world, has its career nearly weft for about 72 miles between 
the counties of Kent and Eflex, and Surry and Middlefex. 
The firft 20 miles is an excee^ng wide eftuary ; the next 
21 miles is dill an eftuary of conliderable width ; the re- 
maining 3 1 miles is crooked, and gradually diminilhing : the 
tide floWs very powerfully through its whole length. To 
enumerate its objefls would be to recount almoft every 
fpedes of trade and commerce which is carried on iu 
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Eiiropf. At Eaft Mcrfcy it conneds with the Cohn river ; 
at Weft Mcrfty, with Bhci^ater river; at Foulnefs eaft 
point, with Crouch river ; at Whitilable and at Sheernefu, 
with the Medway river ; at Gravefend, with the Thames and 
Medway canal ; oppofite to Purflcct, v^•ith the Daveni river, 
or Dartford creek ; at Bow-Cretk, with the Lea rivtr ; at 
Blackvt'all and at Limchoufe-holc, with the JJle of Dngs 
canaU (a new fide-cut for fliorttninjr the navigation of this 
liver) ; at Greenland-dock, and at Wilkinfon’s trim wharf, 
Rolhcrhithc, with tlie Grand Surry cannl ; and, at Limehoufe, 
with the canal. London, the firii Britidi town, 

has a population of ^64,845 perfons ; Greenwich is the 3 J if, 
with 14,3.39 perfons ; and Woolwich is the 53d, with 9,826 
peiTons; Ma’-gatc, Feverfhain, M»lton, Oncenborough, 
ijhcernefs, Leigh, Gravefend, Grays-'rhurrock. and Dept- 
ford, are alfo confiderable towns on or near this lower part 
of the Thames river; which commences in the Englifh 
channel at Eaft Nefs near Margate, and iciminatts in xhc 
lhamesf middle part, at Loiidon-bridge. Large (hips of 
war can come up to Deptford, and merchants* (hips of 7 to 
800 tons burthen frequently lie at the keys clofc to London- 
bridge. The port ot London, or part wherein the (liips lie, 
generally called the pool, extends almoft 4 miles, nearly to 
Deptford, in which Ipace more than 1000 veflTels have been 
feen moored at one time ! the rapidly increafing trade of this 
grand emporium of commerce, the regulations which have of 
late been made, for mooring the (liipg at more convenient 
diftances, for a pafTage up and down the river, and the 
contiguity of the Wejl India and £ajl India docks to Black- 
wall arc expcAcd ere long, to extend the tiers of (hips as far as 
that place. It was tinted, in the year 180c, that the trade of 
the port of London hadincreafed in thclaft, or iSth century, 
by 6347 vtffcls and 1,327,763 tons annually; and that 
(including repeated voyages,) 13,144 (hips and veiTcls were 
then cmpTo)'jd in this trade, to foreign countries, the colo- 
nies, ana coallwife, befidcs 2288 lighters, barges, and punts, 
employed in the middle part of the Thames^ and on the Lea 
river, and 3336 of the like kinds of velTels nfed below bridge, 
in the lading and difeharging of vclTcls, together with 83 
boats, (loops, cutters, and boys, 3000 watermen’s wherries, 
155 bum-boats, and 194 pctcr-boats, the total number, 
f exclufive of (hips of war, tranfporls, and navy and vidlual- 
ling and ordnance hoys,) being 22,500 vifTels of various fizes 
and dimenfions, either trading to, or ilationed within the 
pool or port of London ; the total value of the goods 
imported and exported annually by them exceeding 
67,000,000!. I Tiic corporation of the city of London, 
as confervators of the river Thames^ and under tlie fpecial 
authority of the above afls, are, at this time, carrying on 
confiderable works for the iniprovement of this river : feveral 
mooring chains in the pool have been purchas'd of lord 
Guydir and others, and a haibour-malier, approved by the 
Trinity-houfe, is appointed to regulate the mooring and 
condud of veiTels, agreeable to the 19, 29, and 39 of 
Geo. IIL; one of the largeft canals ever attempted has 
been cut, near mile in length, 142 feet wide at top, and 
24. feet deep 1 acrofs the ijie of Dogs^ for (hortening the 
paffage of veflels to and from the pool, and to avoid the long 
circatt by Greenwich and Deutford ; Mr* William JeJfop it 
the engineer, nndcr whom the locks and other works of this 
carnal were fuccersfully conduced and nearly hnifhed, when 
an unforefeen accident, by the blowing up of the coffer and 
preventer dams, juft as the entrance loclu were completed^ 
on the 24th of Jaly laft, prevented this canal from 

bring opened until the 9th of December, when the Duebefs 
of '^rk, Weft Indtaman, of 500 tons burthen, paffed through 
she (ame, in prclcnce of the lord mayor and coiporarion of 


London* Several lai^e Aims of public money have been 
granted by the above a£ls out of the confoHdated fund ; for 
the repayment of which vcffels pafRng through this canal 
of 200 tons or upwards are to pay 2d. per ton ; thofe from 
200 to 100 tons, i^d. per ton ; from 100 to <0 tons, ld« per 
ton ; 50 to 20 tons, 50. each, and boats and craft is* each* 
Two or more piers are intended to be built at the entrance, 
for facilitating the tiitiance of velTels to this canal* Be« 
tween this canal and the entrance of the Eq/i India docks, 
tlicrc is a large mafn of iilicious pudding-ftone, enniifting of 
chert pebbles imbedded in a very hard cement, which lies in 
the bed of the river, and has proved fatal to feveral fliips, on 
which account the committee, in September 1802, and on 
feveral other occalions, advertifed for perfons who would 
undertake to lower this rock 1 8 feet, its length being about 
40, and breadth 30 feet ; the ncwfpapcr accounts of the 
Boddington Weft Indiaman having Itnick on this rock on 
the 1 2th of September laft appear to be incorrc£l, the rock 
being now futTounded by piles and booms, fo that no (hip 
can approach it. In the year 1773, Mr. James Sharp fug- 
gefted the propriety of (loatii’g, or w^et-docks, for the load- 
ing and unloading of (hips in the Ifle of Dogs ; after much 
difeuftion a plan was adopted for this purpofe, in the year 
1799, called the Wejl India Docks ^ and Mr* William JeJfop 
and Mr. Ralph Walker were employed as cngineerit.* On 
the 1 2 th of July 1800, the (irft It one of this great under- 
taking was laid with much ceremony. On the 22d July 

1802, an unfortunate accident occutTcd by the burfting of 
the coiTcr dam at the enti*ance at Blackwall, but which did 
not prevent the great or impojt dock, from being opened 
for the ufc of Weit-India fliips on the 3d of September 1802. 
This 6ne dock, the largtft in Britain, is 2600 feet long, 510 
feet wide, covering more than 30 acres of ground 5 its depth 
being 29 feet, and it is walled m the moft fubftantial manner 
w'ith bricks, and coped with immenfe blocks of (lone. 
Three (lacks of the fuperb warchoufes on the banks of this 
dock were completed at this time ; on the 2 2d of Auguft 

1803, feveral other warchoufes on the N. fide of the dock 
were (inKhed, and declared ready for public ufe ; and, on 
5th July laft, two warchoufes on the fouth fide, and the 
whole of that quay were completed. The outward-bound 
dock, 2600 feel long, 400 feet wide, and 29 feet deep, has 
been rapidly proceeding fince the completion of the great 
dock, and is now almoft ready, we believe, for opening* 
At Blackwall, and at IJmehoufe-hole, there ere fpacious 
entrance bafons, conne^irg by tide-locks with the Thames 
river ; from tbefc entrance bafons there arc locks into the 
outw'ard and inward, or export and import docks ; thefe 
docks are calculated for the accommodation of 300 fliips, 
12 of which can conveniently enter or go out in one tide: 
there are to be fix immenfe ranges of warehoufes in the 
whole, with cellars, cranes, and every pofhble convenience : 
the w’hole is to be furrounded with a wall 30 feet high, and 
a wet fofs 12 feet broad, and 6 deep: for fecurity from 
fire, no dwelling-houfcs or work-(hops are to be built within 
or near to the boundary wall ; no gunpowder is to be fuf- 
fered to enter the walls, or any fire, candles, or lamps to be 
lighted within the fame, except the neceffary ftreet-lamps on 
the quays. The company were at firft authorized to raife 
6 oq,ooo 1 . the amount ot (hares being jool. each, which, 
in t 8 o 2 , bore a premium of 28I* per cent. : the profits 
to the fubferibers are limited to 20 per cent.: leveral 
loans of the public money from the confolidated fund 
have been made towards completing this defign. Mooring- 
chains are provided in the river oppofite the entrance bafons, 
for the ufc of (hips entering thelc docks, in which all Weft 
India goods whatever (except tobacco in fome cafes,) are to 
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be landed, and all olitward-bound (hipa for the Weft-Indies 
arc to load herein, or in the Thames at Blackwall ; but the 
tonnage for the building and maintenance of thefe docks is, 
(by 39 Geo, III.) not levied cxclufively on tlie Wtft India 
trade, cver^r veuel both on its inward and outward voyage 
(except coafting vcflcls under 45 tons, king’s (hips, corn, 
filhing, and paflenger veflels, and craft navigating above 
Gravefend,) is to pay: coafting veflels at the rate of id. 
per regifter ton ; and fliips trading to pans beyond the feas 
arc to pay higher rates, amounting, in fo me cafes, to 3^d 
per ton ; fee the particulars, as alfo the rates for wharfage, 
warchoufe-room, cooperage, kc. in the A^^nadtuvnl 

vol. i. p. 1 15* Mr. Robert in his on the 

Coal Trade, 1803, after eftimating 42S4 coabfliips to enter 
the port of London annually from the neighbourhood of 
Newcaftlc-upon-Tync, with 1071 chaldrons each, on the 
average, (a quantity confiderably (hort of the aftual im- 
portation, fee Monthly Magaxlne^ vol. xvii. p. 99, and 
vol. xix. p. 99.) obje^s ftrongly to the above rate, which 
annually taxes the coals confumed in f.ondon and its vici- 
nity with 4284I., on account of thefe docks, which they arc 
not allowed to enter. For the general accommodation of 
(hips unloading and loading in the port of London, another 
fet of docks was, after much difeuflton, undertaken, in the 
year following, called the London Docks, (or fometimes the 
Wapping Docks,) A£l8 40, 44, and 45 of Geo. III. Mr. 
yohn Rennie and Mr. Alexander were the engineers employed ; 
on the 26th of June 1802, the firft ftone of thefe works 
was laid, by Mr. Addington, the then miniftcr 5 and the 
fame proceeded without any difaftcr or impediment, until 
the great dock, the entrance bafon, and fcveral of the warc- 
hou^s were completed, and opened for ufe on the ift of 
February laft (1805). The great dock is about 1260 feet 
long, and 8jo feet wide, and covers about 24 acres of fur- 
face : it is 29 feet deep from the top of the walls | but the 
depth of water is only 23 feet 5 the walls are of brick, 
coped with ftone, and every part of the work ts executed in 
the moft complete and mafterly ftile. On the novthern fide 
of the dock there is an open fhed the whole length, for 
examining and weighing and the landing of goocli, under cover 
from the weather, from whence a number of fmall trucks 
moving on rail-ways convey them to five immenfe ftacks of 
warehoufes behind them, or the cranes hoift them into carts, 
as may be wanted. Near the S. E. corner of this dock 
are two immenfe warehoufes let to government for the 
ftowage of tobacco ; one of them is 762 feet long, and 160 
wide, the other 250 feet long, and 200 feet w'ide, each being 
in one Angle room, without any partitions, and their roo& 
arc faid to exceed 6 acres of flating ; they arc but one ftory 
high, but have fpacious arched vaults under them of the 
fame extent, for the ftowage of wine, oil, [pirits, &c. Other 
large ranges of warehoufes arc to be built, and their fronts 
have been begun north of the prefent range of warehoufes ; 
the windows and doors of thefe laft being bricked up, ferve 
as a temporary wall to enclofe the premifes ; warehoufes arc 
alfo intended on the weft and Ibuth fide, whtre the high tem- 
porary fence-wall at prefent Hands. The only entrance at 
prefent to this dock, from the Thames, is near to Bell-dock 
in Wapping, where two maffivc piers of ftone projeft into 
the river, and have a tide-lock between them, and fiulhcr 
north is a curious iron double fwing-bridge, in the line of 
W apping-ilreet, which we have already deferibed ; within 
this is the entrance hafon, of an irregular figure, of about 
i acres extent : this bafon is cooneded with the river at 
every high-water, by the opening of the gates, wliicli flint 
again and retain the water at that height t from this bafon 
ihipt lock Up into the great dock, wliofc furface is kept about 


3 feet above the la-hdit of ordlnaiy tides, b} a powerfiil it ,4.-.- 
engine eredVed on the call fide of the entrance bafon fur that 
purpofe, and the bottom of the dock is about 15 inches above 
low-water mark in therivtr. There isdefigned to be another 
entrance from the Thames by means of Hermitage-deck, irto 
the great dock at its 8. VV. corner 5 and from near the oppofite 
or N.E. corner, proviiion has been made, and the c^^nnccling 
canal formed, wfiich is to join it with another large <3ock, 
intended to he dug, and contieft with the Thames ut Shad- 
well. Notices were given in Stpt'^mber laft of appbra- 
tion to parliament for further powers, to proceed with the 
above works. The prefent dock is capable of accommodat- 
ing 200 merchant ftiips, and the entrance bafon \\i!! hold a 
vaft number of fmall craft, without impeding the pad'age of 
(hips to or from the great dock. The v\hole of the docks 
or warehoufes are, when completed, to be furrounded by a 
very high wall to prevent depredations or the communica- 
tion of fire, againft the happening of which the fame regu- 
lations are adouted as at the Wtft* India dock above men- 
tioned. Six large mooring chains arc fixed at proper 
diftances from each other in the great dock for Ihips to 
moor to, confiding of very large floating blocks of deal tim- 
ber. This company were authorifed by their firft a£i to raiie 
i,«;oo,oool., the amount of each (hare being cool. They 
were required to purchafe the concern of the Shadwcfl 
water-works for 50,000!. ; and ample proviftons are made 
for compenfating the owners of the river-quays, the proprie- 
tors of iireet-cart licences, ficc. ; and full accounts of the re- 
ceipts and expenditure of this company, and of the Weft- 
India dock company, are to be prefcnted annually to parlia- 
ment. The tolls or rates payable to this company, W (hips 
which enter their docks, are for Britilh coafting veflels (in- 
cluding colliers) xs. per ton ; five other claffes of (hips arc 
enumerated, which arc to pay from i5d. to 3od. per ton ; 
fee Agricultural Magazine, vol. iii. p. 162. For the landing, 
loading, and houfing, and for (hipping of goods of every 
diflerent kind, the fame fums rcfpcdtivcTy arc to be taken by 
this company, as were ufually paid at the different quays of 
the port of London in the year 1798. The whole of the 
feite of thefe docks was covered either with ftreets and 
houfes, or with gardens, and which the company had to pur- 
chafe for immenfe fums of money. For tnc particular ac- 
commodation of the large (hips belonging to the Eaft-India 
company, a third fpacious fet of docks nas been defigned, 
and in the 43 of Geo. III. an aft palfcd for enabling the 
company to imife 2oo,oocl. for the purpofe of building the 
Eajl’-India Docks ; and to purchafe the dock belonging to 
Mr. Perry’s maft-houfc at Blackwall, for their entrance 
bafon. Mr. Ralph Walker is the engineer ; and on the 4th 
of March laft ( 1805) the firft ftone of tins gi*cat undertaking 
was laid by captain Jofeph Huddart, and the works are now 
proceeding with the utmoft expedition : the largcft, or iin- 
port dock, is to cover 18 acres of ground, the export dock is 
to be 9 acres in content, and the entrance bafon about 3 
acres : the depth of thefe docks is to be greater than cither 
the London or the Wejl* India docks ; the entrance locks now 
building are 48 feet wide in the clear, and each gate is to be 
27 feet wide. Near to Deptford, Greenland»Dock has its 
entrance, by a tide-lock, into the river Thames ; this dock is 
about 900 feet long and 400 feet wide» and was conftrufted 
fevcral years ago, tor the accommodation of (hips employed 
in the Greenland, or whale filhcry, with fuitablc conveniences 
at proper diftances for melting and refining their oil. It is 
intended that the Grand Surry canal (hall have a cut into, 
and a palTage for its barges, through this dock : and the 
fame company are now excavating a dock near the termina- 
tion of their cxxmli at Wilkinfon’s gun-wharf^ RotUerhithe, 
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wlilcli fccms to be inlt*r<U*tl to admit fmall fldps from the 
Thames* At Deptford, AVoolwich, and at Sheernefs there 
are fpacious dock-yards and naval aiTenals on the banks of 
this river, and others at Chatham, within a few miles of it, 
on the MeJ^ay river. In the year iSoc it was propofed to 
make a lar^re dock and yard, for repairing fecond and third 
rate (hips of war, of which Major General Bantam has the 
d>redion, near the fa)t pans on the Ijle of Grainy on the 
Meilnxfify fide of it : it principal object j.s for repairing the 
fhips llationed in th. Downs and North Seas. In the year 
1804 it was propoftd to f/im a wct-d,)ck, of about 12 acres 
extent, conne^fing with the Thames ri\er, h\ Northjleei creek 
near Gravefend : the feite of tht old chalk pits is intended 
to be excavated for this dock, in which the new flops of 
war bnilt at Deptford, Woolwich, and Chatham are to be 
received to be ri.rgcd and fitted for fea, inllead of fending 
them to Shcernefs ; that the aifenal there may be wholly 
appropriated to the viAualling and ordnance dt/partmenr. A 
pier is now" building for the protection of Shei’)'n''j\ harbonr, 
under the anthoritits of the adts of 41 and 4 ; nt Gen, I] L 
At Margate, there was an ancient wooden pitr in tliis tiver, 
for the protedVion (-f the ho)s and veflels trad r.g to Oiat 
place, but in 2; Gu>. III. an adl pafTed for an excellent 
done pier, which luts (ince betn theic iie/ltd. The gn«t 
diltcincc vliich the inhabitants of (iraxclciul, and Grays- 
Tiiurrock, and all thofe parts, have to travel (over J.omlon 
bridge) to commiinicafe with each other by land, gave rife, 
in May to the propofition by Mr. Ralfh Dodd for a 

tnrmei, or road arch, under the 7 Lames ^ from near Grawfend 
to Tilbury Fort (fee Nicholfon^s Journal, 4to. vobii. p. 473 ); 
and an a*t of 49 Geo. Ill, piffcd to aiithorife the raifing of 
i|o,oool., in loob fliarcs, for the Thames Tun^cl^ and to levy 
*28. 6 d. on each coach, 48. on each waogfin, 2 s;. on each cart, 
X8. on each horfe, 2d. on each foot-pallcnger, and fome other 
tolls, for pafling through this tunnel. Government to pay 
looal. annually, in lieu of all tolls, for the paffage of troops 
and of government (lores of every kind ; Sol. to be paid an- 
nually to his majefty, and 30I. to the corporation of Gravef- 
end and Milton, in lieu of the right of femes, near the in- 
tended tunnel, to which they are entitled. Mr. Dodd pro- 
pofed his arch to be a cylinder of 16 feet diameter in the 
clear, and eftimated that the fi»mc might be executed for 
l6,0'>ol., the length of the tunnel being 900 yards; but it 
does not appear that at this time, or for more than two years 
after, any borings had b *cn made, even on the (hore of 
the river where the tunnel vrzs intended, 10 prove w^hether 
the chalk rock, which Mr. D. had calculated upon tunnelling 
in, cxided or not: at length, about September iSoo, a bed 
of chalk, fuppofed to be the fame which appears on the fur- 
face at Gravefend, was difeovered, by Mr. D.’s borings, at 
72 feet beneath the furface, at Tilbury Fort ; a (Icam-cngine 
was thereupon creeled, and a perpendicular (haft of 146 feet 
deep was funk at Gravefend, all in chalk ; when, by one of 
thole unaccouniabk accidents to which abortive fehemes feem 
peculiarly liable, this engine-houfe took fire, and was burnt 
down, and (hortly after Uic fcheme was given up altogether. 
In the laft feflion of parliament (45 Geo. III.) an aft paffed 
for making other archways under the Thames^ for the palTage 
of carriages and foot palTcngcrs, between Rotherhithc and 
Limchoule ; and wc have fince read that Mr. Rchcrt Va%le 
is the engineer to thefe Rotherhithe archmsays^ that the foot- 
way arch if to be made a little to the weft of the London- 
Dock entrance, and the carriage-way arch at the ancient 
horfe-feny between Limeboufe and Rotherhithc. On in- 
quiry, we have been told, that the prefent fcheme is, to fink 
a (haft on one (horc of the Themes^ with an engine thereon 
and pumps, and to continue the fame to a fufiident depth, at 


which to begin the tunnel m oppofite dlret^fiyns* lifiugtothe 
oppo/ite fliore of the river one way, and to a point fufiRcicnily 
inland the other way, for a regular and proper afeent for car- 
riages. We can hardly fuppofe that this matter has pro- 
ceeded thus far, without its being afeertained, by a feritB of 
borings, quite acrofs the river, at fhort difiances from each 
other, that there is no fiirurc or crack in the clay, beneath 
the alluvial matters, which may be filled up with quickfand 
or other loofe foil impradlicahle to tunnel tlirough, under 
the bed of a river : but, if we admit the whole matter to be 
folid clay under the wattr-way 01 bed of the river, yet the 
number of houfes which mull be pulled down, or endangered, 
oppofite to the tunnel, in this way of conduftiug the bufi 
nets, in order to bring the archway to the furface on one fide 
of the river, and the inconvenient difiance w"hich that entrance 
w ill be from the w’atcr-fide, aie almoft infuperable objeftions 
tolls aJoption. Wc have no doubt of the praftlcability of 
fomiiiig as many arch- ways under the Thames as may be 
wanted (if money ii? not fpared, and fcicntific and proper men 
are rinployed on the w"orL), but are of opinion that for fucK 
f ) (uccu'd. the rivc»- mull be piled cfL for fliovt lengths at a 
tiM'.o. while the nt ctUaiy excavation is made in the bottom 
fvir tiiriiing a length of the {iich, and ftciiiely covering it with 
clay or puddle: aid after fi veral fucccflivc lengths arc thus 
formed, the watrr and trafiir of the river may be admitted 
ovti iht pail which j.s complcttd. Vciy poweif'ul pumpitig- 
engincs nil! be nect(r.iry,in tfn\> or any oilier way ofcoiiduft- 
ills ^ work with the probability of fiiccefs. The 
Thames river, below London, it> cirbinkccl through a great 
part of its coin fc ; the time when thefe banka were firli 
crefted is uncertain, but they appear to be of great an- 
tiquity ; and during (Vvcral hours of each tide, the adjoining- 
meadows arc 10 feet or more below the level of the water. 
At Dagenham, about 7 miles below Blackwall, a l-argc 
breach in one of thefe banks happened, wduch captain Jofm 
Perry fucccedcd in (topping, after fcveral olljcr& had {ailed 
in their attempts. On the ijth of Auguft I/76 the plan 
was firft adopted of employing conviHs in baliafiing, and 
other works for the improvement of the river Thames^ under 
Mr. Duncan Campbell s thefe men, properly ironed, arc 
lodged in hulks, or old vefl'cU, off Woolwich, and have prin- 
cipally been employed in enlarging the wharfs at Woolwich 
W’^arren, or Royal Aifenal, which work is llill proceeding. 
In the year and again in i8c2, the Londai Lynn and 
Norwich (or North London) canal was propofed to join the 
Thames river at Limthoufe. In 1798 a new channel was 
ropofed to be cut for the Thames river ftraight acrofs the 
fle of Dogs, and dams with fliiices and locks to be made on 
the old courfc of the river, for coiiverting the fame, round the 
ifiand by Deptford and Greenwich, into one vaft floating 
dock for (hips ! About the (amc time, the London Docks 
w"tre in contemplation, and a canal was propofed to extend 
from them to the Thames river at Blackwall ; the JJle of 
Dogs canal has fince been made, and in part anfwered both 
thefe purpoies. In 1802 the Canterbury and St* Nicholas- 
Bay canal was propofed to join the Thames at the latter 
place ; and in the fame ^ear the London and Wabham-Ahbey 
canal was intended to join at Bell-wharf in ShadwelL The 
Thames and Medway proprietors pay is. annually as an ac- 
knowledgment to the city of London, as confervators of the 
Thames river, for the liberty of connefting therewith. 

Thames River {middle part)* Afts 14 and 17 Geo. III. 
*-The general direftion of this part of the Thames river is 
nearly weft, by a very crooked courfe of 37 miles between 
the counties of^Surrey and Middlefex ; the tide flows through 
the firft miles thereof to Richmond bridge: its objeftsare 
the fupply of London, and the immenfe trade which is carried 
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with the rivers ^x\d canals weft ward : at Vauxliall creek it 
ia joined by the Grand Surry canal ; at Wandfworth entrance* 
bafon, the Surty Iron Rail-^way joins ; at Brentford Cretk the 
Grand JunQton canal joins^ and at Ham Haw, near Shepper- 
ton, the IVey river joins (2 miles from the junction with the 
B^w^ohe canal). London, the firll Britifh town, has 
8^,845 perfonu ; Wandfworth, Brentford, Kingfton, Chert- 
fcy, and Staines arc alfo confidcrable towns on this part of 
the Thames navigation ; which commences in the Thames 
lower part at London bridge, and t<.imi[iaUs in the Thames 
and ijis navigation at Loiulrn (lone, at the extremity of 
Middlcfex county, about { a mile above Staim s hi-idge ; 
from near Chclfea, Pimlico creek extends for about f of a 
mile to Chelfca water-works engine. Lrcnn low-water at 
Richmond bridge to London-flofjc, 20! inilc'^, is a rile of .^6 
feet ; fee a fcdlton thereof in CintLnuins March, 1771, 
and in Zachary s Canjulrrations cai tL\ I hnmes River, 

1805, wherein it appears, that the navigation licit on is in 
two or three places interrupted by HkiIIows, not exceeding 
2 feet tj inches depth of water in ordinary times. At Lalc- 
ham, Mr. John Rennie gauged the ilream of lliis river, in the 
dry feafon of I 794 ^ and found 1 15^^ cubic feet of vvuii r per 
fecond to be then paffing down. Tlie corporation of the 
city of London, as confervators of the river I'hntves, and by 
the 17 of Geo. III. above, were unaiitliorifed to make any 
new fide-cut by this part of the river, or to crcfl any weir 
quite acrofsthc channel of the river ; and tliuir cxcitions for 
the improvement of this navigation, fo much in need of 
amendment, have been confined to the erecting of jtUies and 
weir-hedges, for contracting the breadth ol the (Ircam in 
many of the fliallow places, to the dredging or bailalllng of 
others, to deepen the channel, and to tne ellabldhiiig of re- 
gular flufhes of water, twice a week, or ofiener, fiom the 
pounds and mill* dams in the upper part of the river, for 
enabling barges, during the run of fuch (lulhcs, to pals the 
fliallow places ; except, that they have completed a good 
liorfe towing-path through the whole length of this naxiga- 
tion, beginning at Putney bridge, on the louth Ihore of t!ie 
river: immenfe fums of money (upwards of 14001. per an- 
num) having been expended on the above ineiftckiit ineainus, 
and yet the navigatioii in all dry leafons coiitiimeh irloL- 
rably bad, and alio frctpjcntly Intel nipted and rcitdcred dan- 
gerous by floods. ^Ve are bappy to obferve, that noliees 
were given in September laft (ibo/j) for an acl to authorile 
the making of weirs acioio the iivxr, and lide-cttta and loek^*, 
in the pariihesof I.aleham, Jdtlleton, Siieppcrtou, Suubury, 
Ghcrtfey, and Thorpe. The aboxe aci (17 Geo. III.) 
aiithorilcd the city of i..oiidon to piirchafe ceruiii local tolls 
on the navigation between Staines and Richmond, and to 
levy 4d. per ton per voyage up and dowm, tor the above 
piirpofcs ; they have a commodious bnrge ilr.tioncd on the 
river for .the rcridcnce of a collector ol this toll, and an an- 
nual account of all the receipts and dinnirferneuts under this 
is prefented to parliament. The Grand 6‘wrry canal was (by 
ltd ad 41 Geo. Ilf.) required to pay 2 guineas as a fine, and 
a rent of 60I. annually, for the hbciiy of comieding with this 
navigation ; and the Croydon canal 40!. per annum ; the ^nrry 
Iron Raii-way is to pay Jol. per annum; rnd the Grand 
yunStifjtt company are to pay 600I. per annum, and a toll of 
j J. per ton on all goods which pafs into or out of this canal. 
Among the bridges upon this navigation, London Britfge, at 
its commencement, built of Hone in 1 209, comes firll to be no- 
ticed ; the river at this place is about 900 feet wide, thc^ridge, 
which is 60 feet high and 74 feet wide, conlUls of 19 arches, 
the middle one of which is 72 wide, but the next there- 
to on each fide are narrow ones, and no regular oidcr is to 
he obfwrvcd in the mTangemeat of the avchccf, which arc 


moll of them of dilfcrcnt whdlhs, under 20 feet ; the piers 
between them arc iinmenfely thick, being alfo furrouuded 
with ftarlings or vaft frames of piling and crofs beams of 
timber, intended for the protedlion of the foundations of the 
bridge : previous to the making of the large lock or centre 
arch, in 17 <;6 (by the removing of a pier and its llarling, 
and turning one large arch inflead of two) tlic clear water- 
way between all the ftarlings amounted but to 194 feet, and 
above the ftarlings (whicli aie covered when the tide has 
rifeii about two thirds of its ufual lieighl) the water-way 
amounted to only 4 <50 feet, oi half I he width of the river: 
a fuithcr ohftrudlion alfo arifes from the water-wheels, 
which arc fi.xcd on tiie upper lide of the bridge at both of 
its ends, oppofitc to fcvcral of the arches, for pumping up 
water for the fupply of the city of London and Borough of 
Soiithw’ark. By thefe coiitra(^rion5 of the w^ater-way, a fall 
and current is occafioiucl under thi.s bridge, which for fcveral 
hours of each tide is quite tremendona, and proves a nioit 
feiions obllacle to navigation, as well of danger to the budge 
iifclf. ]t Mr. John Smeatons advice had not been quickly 
followed, in 175^), in returning and throwing in the ftonca, 
which had been recently taken up from the old middle pier, 
together with many caigoes of other large and rough ftunes, 
the adjoining ftarlings and piers of the great lock would 
certainly have been iindei mined, and the bridge have fallen ; 
great quantities of clndk and Kcnlifti rag •Hones are now 
nmnially brought and depolited within the piling of the 
ftarlings, and between them, at the time they arc lepaired ; 
a work for ever requiring to be done, in fomc part or other, 
t)f thefe clnmfy oblhuClions to the waters and to naviga- 
tion : immcnfdy deep gulplis arc foimed at each lide of the 
bridge by the pilch or fall of the water, and tlie lull and 
rubbilh excavated tberefiom is continnally thi\)v.'n up at a 
tlillance, fo as to form large banks dry at low-water, in fjn.tc 
of a continual di edging or ballall-bcaving, which is lefoitcd 
to fur removing them. Thefe ineonvi^nicnecii, whieli had 
been long and loudly complained of, occarioncd, about the 
Vw.n* 1)1/0, a propoial, fur pulling down this bridge, and 
iulJlitULing TWO llont bridges, with capacious arches : thtfe 
were to be placed near to each other and to connect at their 
t'lids ; tlie centre art h (.f each was to have a draw-bridge, 
lor iidniilriug (hips up the river, as lar as Blackb*?:irs bridge ; 
the inleutioa of the two bridges being, tint one of the 
drav* bridges might alwavs be Ihnt down for the j'affage of 
earuagis and pci Ions, wliile Ihips might be paftir.g through 
tiie other into or out of ih.c bafon between the bridges. 
Aimther propofid was, to conftrudi a cail-iron bridge of one 
fmgie* arch of 600 fea fpan and with 6; ftet cKaV open- 
ing above high water; as wx have aluady meutioiKd : 
thefe, and oilier projedls fm* the ftimc pur])ule weie minutely 
and carefully examined by a fele6\ committee of the houlc 
of commons, and their reports, together with views of the 
difTereut. propofed bridges, have been finee publilhed, and a 
propofal mace for a caft-iron bridge of three arches, refting 
on llonc piers, the centre arch 65 feet high for the palTage of 
(hips ; in September 1S02, the city of London gave notices 
of ilicir intention to apply for an adl of parliament for re- 
moving I/ondon bridge and building another, but nothing 
further, ^we believe, has fincc been done. Blachfr^ars Bridge 
is an elegant ftone ftrufture, offering fcarcely the Icaft im- 
pediment to the navigation; it was built in 1770, by Mr. 
Robert Milne ; the river in this place is 995 feet wide, it 
has 9 large elliptical arches, the centre one lOo feet wide, the 
others regularly diminiftiing to the outlidc ones which are 70 
feet each. The whole colt of this bridge, in the lof years 
during which it was in hand, was 1^50,840/. Wtjlminjier 
Bridge was built of ftone in the year 1 750 ; the river in this 
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place is 1220 feet wide ; there arc i/ lar^c, atid two fniall 
fcmi-ciirular arches in this bridge, the centre one 76 feet 
wide, the others diminilhing by 4 feet each in width, to 
the fmall ones at the (ides ; the coil of this bridge and 
its avenues was 89,500!., and it was about 10 years in 
hand. At Batterfea and at Putney there arc narrow, low, 
and inconvenient wooden bridges over tliis fine river. On 
the 4th of June 1783, a handfome and convenient Hone 
bridge was begun over tins river at Kew, and in the year 
1774, another itonc bridge was begun at Richmond. A- 
bout the year 1801, a new Hone bridge was built over this 
river at Staines, but it was (hortly after obliged to be 
taken down, owing to a fetticment thertin ; an iron bridge 
was next fubftituted, and opened on the jd of September, 
180.), of one arch, with 180 feet fpan, riling only i6 feet 
above the ftonc abutments on which it refted ; but this, we 
arc forry to add, has lately fuffe\ed the fate of the other, 
and has nccclTarily been taken down, a circumftance the 
more to be regretted, as this was llie full call-iron bridge 
brought into ufc in this part of the kingdom. At Walton, 
thelrc is a curious bridge, confilling of a large wooden 
opening, and fmaller brick arches on each fide of it. It 
may be proper to add, that the intention has very recently 
been announced, of building a new ftonc bridge over this 
river from Vauxhall to Millbank, with a new road over the 
fame from Vauxhall turnpike acrofs Tothill fields to Pimlico. 
In the year 1770, and again in 1794, the Maidenhead and 
JJleworth canal was propofed to join this river at Iflcvvorth 
and at Bolter’s Lock, or Taplow mill; in 1792, the 
Hampton Gay and JJleworih was propofed to join at the 
latter place; in 1801, the Ltalhevhead and Thames rail way 
was propofed to join this river at Weft Moulfcy, and an 
cxtenfion of the Grand Surry canal was intended to King- 
fton ; in 1802, a cut from the propofed weftem branch of 
the Grand JunSion canal was propofed to join at Ham Haw 
oppofite to the Wey river; and, in 1803, the Portfmouth 
ana London rail-way was propofed, to terminate in Stam- 
ford ftreet, near Blackfriars bridge. 

Thames and Isis Navication. Aft ii, 15, 28, and 
35 of Geo. III.*— The general direftion of this navigation 
is nearly N. W. by a very ferpcutinc and crooked courfc 
of about 1x0 miles between the counties of Surrey and 
Berks, and of Bucks, Oxford, and Glouccfter: its weftem 
end is confiderably elevated ; its objefts arc the fupply of 
London and the carriage of coals, and a variety of other 
articles ; near Reading it connefts with the Kennet river ; 
at Abingdon, the Wuts and Berks canal joins this naviga- 
tion : at Badcock’s garden in Oxford, this navigation is joined 
by the Oxford canal, and at Godftow, by the duke of 
Marlborou^ff^ cut from the fame canal. Oxford is the 38tn 
Britifti town, with a population of 11,694 perfons, and 
Reading is the <5th, with 9,742 perfons ; Staines, Wind- 
for. Maidenhead, Great-Marlow, Henley, Wallingford, 
Abingdon, and Lechlade, arc alfo confidcrablc towns on 
this navigation, which commences in the Thames middle 
part at London-Stone near Staines, and terminates in the 
Thames and Severn canal at Lechlade. From Staincs-ftone 
to the water above Bolter’s Lock, 15^ miles, is a rife of 
34 feet : thence to the entrance of the Kennet river 24^ 
miles, has a rife of 27^ feet, befides the rife at the weirs ; 
thence to the termination to the Thames and^beginning of 
the^x river, is about 23 miles; thence to the Wihs and Berks 
cansd about 1 o miles ; thence to the Oxford canal about 
8 miles, and thence to Crickhde about 29 miles. The 
Gentlemen of the counties adjoining this navigation are 
CommiiTioners for executing, in different diftrifts, the above 
sifts ; they .have borrowed 60|8ool and have expended the 


fame, over and above the furptus of the tolls, in making 
24 iide-cuts with opening wtirg and pound-locks, with « 
horfi* towing-path, and other works for improving this na 
vigatlon, which is now accomphlhed, fo that very long and 
wide barges drawing 3 feet 10 inches, can in general pafs 
the fame ; the rate of tonnage is only ^ per ton per mile ; 
and an account of the receipts and expenditure on this con- 
cern is annually prefented to parliament. In 1 796, the re- 
ceipts amounted to 9,839!. in 1801, to io,o( 5 ol. in 1S03, 
to 7 >^ 73 h Mr. Zachary Jtllnuit is engineer to the ed and 
3d diftrift of this navigation. In the year 1800, Mr. WUfon 
prepared a defign and model for his Majefty, of a caft-iron 
bridge, of one arch, propofed to be crefted over the Thames 
at Daicbet. In the year 1770, the Reading and Maidenhead 
canal was propofed to join this navigation at Sunning, and 
at Bolter’s lock ; in 1802, a weftem branch of the Grand 
Tuntliun canal was propofed to join this navigation at Har- 
icyford near Great Mai low, and crofting the fame at that 
place, it w as to proceed to join it again near Reading ; 
and in the fame year another branch from the Grand 
Juntiioni through Ayltfbury, was propofed to join this 
navigation near to Abingdon, and to the Wilts and Berks 
eanaT. 

Thames and Avon Canal* In the reign of Charles TI., 
Mr. Jfoftph Moxon was employed to furvty the line for a 
canal, and a bill was prepared and brought into parliament, 
from the Thames and Ifu navigation at Lechlade, by Crick- 
lade, Malmfbury, Chippenham, and thence by the couifc 
of the Avon river to Bath, 40 miles in length ; in 1 754, this 
defi^n was again revived, with the idea of employing the 
foldicrs upon it ; and it was ftated that a canal 50 tttl wide 
at top, 30 at bottom, and 4 feet deep, might thus be com- 
pleted for j oodI. per mile. 

Thames and Medway Canal. Aft 40 and 44 of 
Geo. Ill, — The general direftion of this canal is S.E. for 
8-'' miles in the county of Kent ; it is level with the ordinary 
high tides in the river Thames ; its objeft is for Ihortening 
the voyage of barges from Gravefend to Chatham round by 
the Nore ; Chatham is the 46th Britifti town, with a popu- 
lation of 10,505 perfons, and Rochefter the 90th, with 
6,817 perfons ; Gravefend is alfo a confidcrablc town near 
this canal, which commences in the Thames river at Gravef- 
end, and terminates in the Mednvay river at Nicholfon’s 
(hip-yard in Friendfbury, with a cut from Whitewall on the 
line of this canal to the Meekuay at Strood, oppofite to 
Chatham royal dock-yard. Tide-locks and entrance bafont 
are to be made at each of the three terminations of this canal ; 
Mr. Ralph Dodd was the projeftor of this canal, on which 
Mr. John Rennie and Mr. Ralph Walker have fince been 
employed. In December 1801, this canal was completed 
from Gravefend to Denton. The company were authorifed 
to raife by the firft aft 6o,oool. in lool. (nares, and a fur- 
ther funs by the laft aft, and they are to pay is. annually to 
the city of London as confervators of the Thames river, for 
the liberty of connefting therewith, and is. to the corpo- 
ration of Rochefter, as confervators of the Medway^ for tbe 
fame privilege. 

Thames and Severn Canal* Aft 23, 31, and 36 of 
Geo 111 .— The general direftion of this canal is £aft, for 
30I miles in the counties of Gloucefter and Wilts 2 it croffes 
the Grand Ridge by a tunnel ; its objefts are a communi- 
cation between Ure Severn and Thames rivers, the fupply of 
the country through which it paffes with coals, deals, &c. 
and the export of farming produfts. Stroud is the xi4th 
Britifb town, with a population of 5,422 perfons ; Minch- 
inghampton, Cirencener, Cricklade, and Lechlade, arc alfo 
confidcrablc towns on or near to this caxud i which com- 
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menccft in lUe iitroudwater canal at WaUbriil[rc near Stroud* 
and terminates in the Thmncs and Jfis navigation at l.cch- 
ladc ; it has a branch of about i mile in length to the town 
of Cirencefter. From the Siruudwaicr canul to Sappcrtori 
Or Salpcrton, y-J miles, is a rife of 24.3 feet by 28 locks ; 
thence, the fummit pound continues through the Tunnel, ^4 
miler , to near Coates, and level ; thence, to the Thames and 
Ifis navigation, io\ miles, is a fall of J34 feet by 14 locks. 
The fiHf 4 miles of this canal from Stroud to Brinfcomc- 
port Bafon, is of the fame width and depth as the Stroud- 
water canal, and is navigated by the Severn boats ; the re- 
mainder of the line is 42 feet vridc at top, jo at bottom, 
and 5 feet deep ; at Brinfcombc^poit, goods going call ward 
arc removed into barges So feet long and 1 1 wide, which 
carry 70 tons each. The famous tunnel on this canal at 
Sapperton, is 4300 yards long, the arch being 15 feet wide 
in the clear, and 250 feet beneath the highcll point of the 
hill, which proved to be hard rock, much of which required 
blaiUng, and fomc of it was fo folid as to need no arch of 
mafonry to fupportit; the other parts arc arched above, and 
have inverted arches in the bottom ; the co'.li of excavating 
this tunnel, in 178S, amounted to 8 guineas per cubic yard. 
The fummit level of this canal is fupplied by a feeder 
brought through lord Bathurll’s gaidtns. Mr. Robert 
Whitworth and Mr, ^ofeph Clowes^ were the enginters. 
On the 20th of April, 1789, the Snpncrton tunnel was 
finiflied, and on the 19th of November 01 the fame year, the 
whole line was completed and opened. We are forry tc/ 
have heaid it remarked, that this canal has bet 11 conduced 
through porous gravelly foils, when a lint for the fame, 
equally convenient, might have made the cutting fall in a 
clay foil, and tliat puddling \i.\s bt.en in too many it.ftaiicts 
negK<l'"fcd or has failed, by uliicli the canal is lendertd 
fnort of water, and the land and mills have been greatly 
injured : fanciful round buildings li><c tovvcis have been made 
in diffeieiit places on tins canai, for the refuience of the 
lock*kee[)ers. This company were aiilliorifrd to raife 
255,0001., the (hares being locl. each ; there was a pro- 
vili on tb.ist 3 per cent, intrrcil; fnouid be paid (out of 
the principal) to the fubferihers on their (harts, until the 
canal wa^ comjdeted and opened ; wt have hcai^ that the 
prefent protits are not riia:'h above i per cent. No (lamps 
were necc(rary to the proceedings of this compiny. Tlie 
rates of tonnage and the regulations tlnrcof with tlie 5 */r/W- 
water company, are very long. See Phi/hfis'a^o, jH'JIorjf 
pages 222 to 225. Manures f -.r the adjoining lauds are to 
pals toll free : lefs than 6 tons not to pafs the locks 
without paying for that weight ; h mile-ftones to be crcAed. 
In 1799, this company onVred bounties for introducing 
the coals brought by their c*niiil to the wcRern pints 
of Oxford and Berk (hires. The Gloucejlcr and Berkley 
company arc to compenfate this company, in cafe the 
conftrudiion or repair of their works interrupts at any time 
the communication with the Severn. In September 1800, 
it was intended to make from near Ingleflitm a forked 
branch palTing Faringdou and Highwoith, to conned with 
the Wilts and Berks canal in two places. 

Than kt’s Canal. Geo. III.-— Thedireftionof 

this canal is nearly N.E. for about i of a mile in length, in 
the Weft Riding of Yorkfhirc 5 it is confidcrably elevated, 
near to Skipton, which is a confiderablc town; it com- 
mences in the Leeds and Liverpool canal, near Skipton, 
and terminates at Skipton- cattle, lime-ttone quarries. It 
ma cut at the private expcnce of the ear! of ThaneU 
through whofe eftate alone it pa(rc8, except oneclofe: its 
obje£i is to convey coals to the lime-kilns, and to export lime 
as a manure and tor building. 


^ Thyrm and Bear. Navigation. The general dtrcc* 
tion of thefc rivers is about N.W. for nearly 30 miles in the 
county of Norfolk: they arc not greatly elevated above the fea 
ill any part : the objeifls arc the import of coals, deals, £cc. 
and the export of farming produ^s. Yarmouth is the 27th 
Britifli town, with a population of 14,845 pcrfoiv* ; AyUf- 
ham is alfo a confidcrable town on this navigation, which 
commences in the Tare river Yarmouth, and terminates at 
the town of Aylcniani : it has brandies from near Thiirnc 
and Horning, through the fens and broads, to Hickling and 
Dilham, about 8 and jo miles in length. 

T*ev Rivi'r. This river, (fometimes called the Tivey or 
Teifi river,) has nearly an call courfe for about 39 miles, 
between the eounties of Cardigan and Pembroke, and Cacr- 
martheii in South Wales: its caftem end is confiderably 
elevated : its objeds arc the fupply of Llanbcdr and Car- 
digan, and the export of agricultural products. Cardigan, 
Kilgerran, Newcaftle-in-Kmlyn, and Llanbcdr, are con- 
fiderable town on this river, which commences in the tide- 
way in St. George’s channel, and terminates at Llanbcdr, 
or Lampeter. 

Tone and Parret Navigation. AAs 30 and n 
William III. 6 Anne, and 44 Geo. Ill, — The general 
(lircftion of this navigation is nearly fouth, by a bending* 
cinirie of about 27 miles in the county of Soir.crfct ; its 
Inuthern end is conlidcrably elcvattcl : its objtds are the 
import cd coals, a’ld the export of agiiciilluial pro- 
duil'ts ; at Porongh chapel it is joined by the Parret river. 
Taunton is the io6ih Ikitifli to An, with a population of 
5’794 perfons. Ih idgevvater is alfo a confidrrahlt town on this 
iiavigution, which commences in the tide-w»ay in Bngr water- 
bay, at Stait point, in tlie Bnllol channel, and temnnates 
in the Cnaid V/fiem taual M ilie town of "i'aunton. 
In September 1798, a call-iron bi It^ge was competed, con- 
fiQing of one arch of 75 feet fj>an over the Parret river at 
Biidgewatcr, at the cxpencc of 4C00I. (See onr article 
BrIdci:). It was tre6Kd in the jvr.ee of a llonc bridge, faid 
to liave been built about the yem 1300. In 179O, the 
Briflol and Tamtm canal was pjopofed to coimecl with this 
navigation at Bridgewater. 

Topellf and Pierje-Bri l^e. In June 1801, it was propofed 
to form a canal from ih.e Sw *// river at Toprlitt to Picrfe- 
bridge on the Tees river : the intention of this canal was 
foi (upplying the north riding of Yorkfhirc with Durham 
coals. 

Torridge River. The direftion of this river is fouth 
for three miksS, rear to the north-well coall of Dcvoufhirt : 
the tide flows through its whole lengtii : it commences in 
the Tanv river near Applcdore, and lerminaUs at Biddeford 
bridge : its objc^l arc the fupply of Biddeford, a confiderablc 
town, with coals, &c. and the export of agricultural pro- 
ducts. The fpring tides rife 18 feet at Biddeford. 

Tovey River. The direction of this river, (fomclimcs 
called the Towty), is north, for about 8^ miles, in Caermar- 
thcnfliirc in South Wales : the tide flows through its \yhole 
length : its objedl is the fupply of Caermarthen, which is 
the 3 13th Britifli town, with a population of 5,548 perfons : 
it commences in the Briftol channel, at St. Ifhmael’s, and 
terminates at Caermarthen bridge. In September 1804, it 
was intended to apply for an aft to improve the port, quays, 
and dock at Caermarthen. 

Trent River, (lower part). Aft 34 Geo. III. — The 
general direftion or this navigation is nearly S.S.W. by 
abending and crooked courfe of about 1 16 miles, fkirting 
Yorkdiire for a (hurt diftance, and through the counties 
of Lincoln and Nottingham, and between thofe of Leketter 
and Derby : it is not greatly elevated in any part : its navi- 
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gation IS of vaft importance to the country, owing to the 
many communications which it forms with other rivers or 
canals : at Keadby it conneds with the Stainsforlh and 
Keadby canal ; at Stockwitb, with the Idle river, and near 
the fame place with the CheJlerJUld canal ; at Torkfey, 
with the Fofs-dyke canal $ at Crankleys, in Soiith>Munchani, 
with the Dean river ; at Trent-bridge, near Holme>picrpoint, 
with the Grantham canal, and the Nottingham canal ; near 
Sawley, with the Loughborough navigation, or Soar nver, 
and the Erewajb canal. Nottingham is the 17th Britiili 
town, with a population of 2.S,86i pcrfoiis ; and Newark 
is the yiftj with 6,730 perfons. Biirton-upon^Strather, 
Gainlborough, Newark, Southwell, and Bingham, are alfo 
coufidtrahle towns near this navigation ; which coiumences 
in the Humber river at Trcnt-fall, (at the juniiion of Oufe 
river, and Market IVeighion canal,) and terminates in the 
Upper Trent river at Sawlcy-fcrry, at the junction of Der- 
nvent river, and the Trent and Merfey canal. It lias a fide- 
cut of 10 miles in length, made in purfuance of the above 
a£t, for avoiding 21 moals, and 2 bridges, which occur in 
13 miles of the river between Trent bridge, at the com- 
mencement of the Nottingham canal, and Sawley ferry, at 
the commencement of the Trent and Mersey canal. This 
cut (fometimes called Trent Canni), has a rile of 28 feet, and 
.’t crofTes and conne£f s with the Ere^tvnfh canal near Sawley ; 
it has alfo a fliort cut and lock into the Trent in Beeftou. 
The lower part of this river is through fens, and is em- 
banked on both fides : it is fubjed to very great floods ; the 
tide flows to Gainfborough, lo that fniall vcflels can come 
up to that place; but between this and Wildcn>ferry, a 
great number of (hallows occur, owing, in a great ineafure, 
to the too great width of the rker : Mr. John Smeaton^ who 
examined it in 1761, ilates, that in feveral places in the 
common (late of the river, in dry feafoiis, there was not 
above 8 inches depth of water; that at fuch times, without 
the aid of fluflies from King’s mills upon tiiis river, and the 
lowed mills upon the Derwent^ navigation was impradficable, 
The 33 of Geo. III. for Grantham canal required the pro- 
prietors of this navigation to deepen the bed of their nver, 
fo that there fliall always be 30 inches deep of water in the 
dried feafons for boats to pafs between the Grantham and the 
Nottingham canals, and by which they may alfo now pafs 
into the Trent CanaU for avoiding the (hallows above Not- 
tingham. An act was paffed a few years ago for building a 
new bridge over this river at Gainlborough. In iSoi a iitw 
donebridgewasintendedatGunthorpe-ford. In thcycar 1789 
and 1790, feveral acres of laud were gained from the wide 
muddy banks of this river, Amply by daking down rows of 
furzen faggots thereon, to check the current, and encourage 
the abundant dcpolit which this river makes, wherever us 
waters become ftationary 5 Agricultural Maga%ine, vol. vii. 
p. 98.) a circumrtancc which proves of immenfe advantage 
in many indances, by the warping of land near this river in 
floody times, to improve it. The flood which happened in 
the beginning of 1800, forced a new and much draighter 
courfe for this river below Gainfborough, and occafloned the 
old crooked channel to be deferted. For making the new 
lide-cut, or Tient canal, this company were authorifed to 
raife 23,000!. in 50I fliares : and tb^ are allowed to colleft 
a variety of tolls on different parts 01 this cut and the river. 
See Pbillifi*t 4x0. Hifioryt pag« 169 and 170. But 
thefe were not to take place until 1 3,oool. had been expended 
under the above aft, which embraces the improvement 
of the river, fo that there maj be always 30 inches deep 
of water, tha making of hoiie towing-paths, purchaTing 
tke Nottingham haoung-machine, or capdem, dec. The 
profits of the Trent canm art not to exceed 7 per cent* By 


the 33 Geo. III. for Derby onlv h<*]f the nfual rates 

arc to be charged on goods pifli tg only three miles on this, 
river, in their way to or from that canal : and by 33 Geo, 1 II« 
for GrurJham canal, this company aie to rtccive i^d. per 
ton fur lime, and 3d. per ton fur all other goods* (except 
road-inaterials and manures), which crofs this river, when 
deepened as above, between the Grantham and Nottingham 
canals. Jii 1760, the JVUden and Kings* Bromley^ and in 
1765, the TernL ridge and IVimford canals were propofed to 
join th)8 nver at Wdden-fciry, where the Trent and Merfey 
canal now joins. . 

Tri.nt River, [upper part), Afls 10 and XI William 
III. — 'I'he general dircclion of this navigation is nearly 
W.S.W. by a crooked courfe of about 19 miles, in Derby- 
ihire and Staffurddnre, and fkirting Leiceiferihire : it is not 
very greatly elevated above the fea, in any part : its objedls 
arc the carriage of coals, and the export of fait, gypfum, 
cartlien-warc, ale, and agricultural produds: it conneds 
at iSwarkllonc with the Derby canal, and has the Trent and 
Merjey canal running the whole length almoffby its fide, and 
communicating with it at its two extremities. Burton-upon* 
Trent is the only confiderable town on this navigation; 
which commences in the lower Trent navigation at Wilden 
Ferry (at the commencement of the Derwent river and Trent 
and Merfey canal,) and terminates near Burton, at a branch 
from the Trent and Merfey canal. The earl of Uxbridge 
is the foie proprietor cf this navigation, and all other per- 
fons are rcllrided from trtding or ufing wharfs or vvarc- 
houfrs on its banks without his fpecial conftnt. The cari 
or his> lelfccs are entitled to 3d. per ton, on goods navigated 
on any part of this navigation ; which was faid, in i/Cy, to 
be unimproved, except by the credion of locks at two dif- 
ferent niill-weirs ; and, more than ao (hallows then cxiiled, 
over which boats could not pafs in dry feafons, without 
fluihcsof water : Uranic iiories were at that lime related of 
the condud of thefe ieffees, and iiifinuations were made, that 
a barge loaded with Itones was funk by dtfign in Kings-mili 
lock, and which lay there almolt 9 years, and obliged all 
goods to be unloaded into frefh boats at that place! happily 
the rivalry of the canal by its fide, renders fnen an occurence 
hereafter unlikely ever to happen. The bridge over this 
river at Burlon-upon-Treni is faid to be the longell in Eng 
land, being 1343 feet long, whh 34 arches. It in,ty be p»'i» 
per here to remark, that Mr. Smeaion, in i ;68, recommend* 
cU the making of a long bridge or water-road adjoining the 
lower part of this river, between Mufl<hamand Neviaik, that 
fhoiild have 300 yards long of clear water-way through its 
72 arches I In 1793, the Dredon rail-way was propofed to 
join this navigation at Wtfton Cliff; in 1796, the Com^ 
canal, and in 1797, ar ext-enfion of the AJhly-de Uv 
vvai prupoL'ed to conned herewith at Burton. 

Tklni and Mkrsey Canal. Ads 6, jo, jr, j6, 23, 
25, two of 37, and 42 Geo. 111 .— This canal (fometimes 
called the Grand Trunks or the Staffordfhire canal,) has its 
general diredion about £.S.E. by a very bending courfe of 
93 milts in the counties of Chefler, Stafford, and Derby : 
it croffes the grand-ridge by a tunnel : its objeds are the 
export of coals, fait, pottery- wares, lime, gyplum, Sifith* 
land-dates, agricultural produds, dec. and torming parts u: 
the grand inland communications between Liverpool and 
Manchefter, with Hull, Brifiol, and London ; at (^11 it 011 V 
wood in Stoke, it conneds with tht Newc(f!le*mider*Hng 
canal : at Great Haywood with the Stafford and Woreefler 
canal ; at Fradley Heath with the detached part of Coventry 
canal ; and at Swarkftone it croffes and conneds with the 
Derhp canal. Although none of the towns on this long 
canal appear to have lb many as 5000 inhabitants, yet 
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Northwich, Middlcwich* Sandbach, Ncwca(lle*under-linc, 
Stone, Stafford, Rudglcy, Litchfield, and Burton-npon- 
Trent, on or near to the fame, are confiderablc places. 
The commencement of this canal is in Brid^€umUr*% canal 
at Prellon 'brook, and its termination in the Trent lower 
navigation, at Wildcn-ferry near Shardlow, the point of 
jundlion of the Trent canal, or fidc-ciii, the upper Trent 
navigation, and the Dernvent river ; from Etruria, a princi- 

f al branch (fometimes called the CaJdon CanaU) proceeds by 
Voghall to Uttoxeter, by a very bending courle of about 
28 miles in length ; from this, at Froghall in KingOey, 
there is a 1 ail-way branch of 3-^ miles to Caldon-low lime 
works, alfo from Stanley Mofs in Enrion there is a canal branch 
of about 3^ miles to the town of Leek, and from Sliclton, 
a fliort cut to Cobridge ; from Stoke- upon-Trent there is 
a rail-way branch to Lane-end; and from Etruria another to 
Handley -green ; from Longport to Dnle-hall tlicre is a canal- 
branch, and the fame is continued forwards by a rail-way to 
the potteries at Burflcm ; there is a cut \ mile in length to 
the Trent river near Burton. Near Lanc-dclph, and in Hare- 
caftle there arc fhort cuts or tunnels, extending to the pits 
or feams of coals. From Bridgenvater' ^ canal to Middlc- 
vvich, 18 miles, is a level ; thence to near Talk, 1 1 miles, 
is a rife of 326 feet by 33 locks ; thence along the fummit- 
pound, and through Harecaftle tunnel to the Caldon branch 
at Etruria, 6 miles, is level ; thence to the Stafford and 
Worcejler canal at Great Haywood, 17 miles, is a fall of 
about 150 feet and 19 locks ; thence to the Coventry canal 
at Fradley Heath, 13 miles, is about 32 feet, and 4 locks; 
thence to Horninglow wharf, 12 miles, is about 86 feet 
fall, and 1 1 locks ; thence to the Derby canal at Swarktone, 
10 miles, is about 16 feet fall, and 2 locks, and thcncc to 
the Trent river at Wildcn-ferry, 6 miles, is a fall of about 
32 feet, and 4 locks. From the fummit level of the line at 
Etruria to near Bagnal on the Caldon branch, 5^; miles, is 
a rife of 73 feet, by 7 locks ; thence to Stanlcy-Mofs, i 
mile, is level ; thence to Froghall, 9f miles, is a fall of 
61 feet, by 9 locks. From Prefton-brook to Middlewich, 
at the weftern end, and from Wilden-Fcrry to Horninglow 
near Burton, at the eaUern end, the width of the canal at 
top is 31 feet, at bottom 18, and it is 3 j feet deep ; the 
locks here arc 14 feet wide, adapted to river barges of 40 
tons burthen ; the middle part of the canal, and its 
branches, are 29 feet broad at top, 16 feet at bottom, and it 
is 4^ feet deep, the locks being only 7 feet wide ; the boats 
are 80 feet long, 6 feet wide, and carry 1 8 to 20 tons of lading. 
There are 16 public wharfs on this canal with warehoufe.., 
cranes, weighing-engines, and other iiectfrciry convcnitiiccs 
at each. Over this canal there are 258 road and foot bridges, 
and under it 3 large aqueduds, and 1.^4 Icffei* ones and cul- 
verts. Through Harecalllc Hill is a tunnel of 2888 yards 
in length, and upwards of 70 yards below the hill ; this 
tunnel interftds, and has crofs branches to, feveral veins of 
coals in the hill, and is alfo famous for being the firft public 
canal-tunnel con(lru6tcd in England ; the driving of this 
tunnel, in 1776, coft about 70s. 8d. per yard run: the 
height of the arch is 12 feet, and its width 9 feet withwfide. 
At Preflon-on the-hill near Bridgewater’s canal is another 
tunnel of 1241 yards in length ; at Barton in Great Bud- 
worth is another, 372 yards long ; at Saltcrsford, or Salters- 
held, in the fame parilh, is another of 330 yards long, and 
there is a fifth tunnel at Armitagc, or Hermitage, of 130 
yards in length; the heights of thefe lail tunnels are 17}, 
and their w&th 13^ feet. At Monks-bridge there is an 
embankment 13 feet high of jJ mile in length, and an 
aquedu^ bridge over the Dove river of 23 arches, from 15 
to 12 feet wide each. At Alrewas is an aqueduft over the 
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Trent river, with 6 arches of 2 1 feet fpan ; and near Middle- 
wich is another aqiicdu6t over the Dane, with 3 arches of 
20 feet fpan. In the Rudyerd vale, N.W. of Leek, near 
the grand-ridge, is a refervoir of 160 acres extent, with an 
artificial head 30 feet in height ; from this a feeder conducts 
Its water to the Leek branch, and thence into the fummit 
pounds of the Caldon branch, and of the main line : there 
are four fmaller refervoirs near the fummit, which mcafurc 
together 60 acres; all waters within 5 miles of the line arc 
allowed for the ufe of this canal, 'j'he rail.u.;y branch to 
Mr. G///vr/’s Caldon lime-works, made about the year 1777 
or 1778, was compofed of cafl-iron bars pinned down upon 
rails of wood fixed acrofs wooden flecpers, as \vc have before 
deferibed ; it appears to have been let out, before the true 
principles of this excellent mode of conveyance werefo well 
underftood as at prefent, being very crooked and with fre- 
quent variations in the angle of ‘its afeent ; in the kfl of the 
above a6iR, there is a provifionmadc for varying the line of, and 
improving this rail-way. It is faid to have colt, at firll, about 
1760I. per mile ; in 179-1, one horfc, we are told, for 9 
months in the year, made in each week three journeys on 
four of the days, and two journeys on the other two days, 
hauling 3^ tons 6 cwt. of limeflonc down each journey, from 
the quarries at Caldon to Froghall whaif; for forwarding 
this Hone to the canal at Etruria, the company found boats, 
the bargeman found his own horfc and boy, towing lines, 

&c. and delivered the ftonc at gd. per ton, the diRance be- 
ing about i6i miles. Mr. Tames Brindley, Mr. Join Smea- 
ton, and Mr. Ilenffatl were the engineers employed or 
confulted on tlie works of tliis canal, which were begun in 

July 1766; in April, 1773* ihe line eaRward of Harecaftle 
tunnel was completed, and in May, I 777 > whole line 
was completed and opened; the Letk branch, the extenfion 
of the Caldon branch to Uttoxeter, and tlic Cobridge branch 
have been undertaken fincc the year 1797 • the Lanc-end, 
Handley-grecu, andBurflem branches were projeiflcd in 1802. 

Hie firR a<ft above included 6 miles of the weft end of 
Bridge<watir^ % canal, but with a power to afiign or make 
over the fame to the duke of Bridgewater, which was 
accordingly done; the 6th ad above afligned ii miles of 
the Coventry hue, between FraJley-hcath and Fazeley, to 
this company, who completed the fame, and then fold it in 
equal moiet ies to the Coventry and the Binmngiam and Faze- 
icy companies, as before mentioned. This company have 
been autliorifcd at difierent times to raife 334,2 30I, the 
amount of their Riares was 200I. each, until 42 Geo, HI., 
when a divifion of them was made into lool. Riarcs. The 
rates of tonnage are i^d. per ton per mile, with rcafonablc 
wharfage after 24 hours, on all kinds of goods ; but paving 
and road- materials (liine-Roncs excepted,) and manures pau 
toll-free on the pounds and through the locks, when water 
runs wafle over their paddle-weirs. The aft 33 Geo. III. 
for Canal, granted fome rates to this company on 

goods crofTing this canal or pafling out of k into the Trent 
by the Derby canal ; fee PiiI/ips*B 4to. ITijlory, Appendix^ 
p. 38 and 39. In the years 1760 and 1765, the Wll^n 
and Kingi^Bromky, and the Temd>ridge and Windsford cxmXb 
w'ere pronofed through parrs of the traft now occupied by 
this canal; in 1797, the Sandbach canal was propofcd to 
join near that place, and the Bredon railway was intended 
to be connefted herewith near Wtllon-clifF: in 1796, the 
Commercial canal was propofed, to crofs this canal at Horn- 
inglow near Burton, and again near Burflcm; in 1797, an 
extenfion of the AJhhy-deda- 7 »ouch canal, to join this at 
Horhinglow was propofed ; the defign of the two laft pro- 
pofal^ was, an extenfion of the wide canals for 40 ton b^ts, 
and with the fame view a plan was, in 1797, meationed of 
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widening thia canal and its locks, bridges, &c. fo that wide 
boats might pafs between Fradlcy-Hcath, and the caa-end 

pf Harccaftle tunnel. . , , , 

Tweed River. This river feems to be navigable but 
about I mile from the fea to Berwick bridge, between Ber- 
wick liberty and a detached part of Durham county. 
Berwick is the Sid Britifh town with a population of 7,187 
perfons ; it has a great trade in falmon, which are caught in 
great quantities in this river, and 40,000 kits of it have been 
pickled and fent off from this town in one year ; 75 to 80 
vcfTcls are employed in fifhcry, and the trade of this place 
coiincdcd therewith. At Berwick there is a ftone bridge 
947 feet long, with arches over this river. At Kelfo 
{everal miles higher up on this river, a (tone bridge was, in 
1798, ivalhed away, and a call-iron bridge was propofed to 

be credled in its Head. r ^ 

Tyne River. Adis 9 and 10 Henry V., 6 and 7 
William III., and 41 Geo. III.— The general direaion 
of this river is nearly W.S.W. by a crooked courfc of about 
14 miles between Durham and Northumberland ; the tide 
flows through its whole length ; its great objea is the ex- 
port of coals. Newcaftle-upon-Tyne is the 10th Britift 
town with a population of 36,963 perfons, South Shields is 
the 65th with 8,108 perfons, and North Shields the 80th 
with 7,280 perfons ; Gatefliead is alfo a confiderable town 
near tnis river, which commences in the North Sea at 1 ync« 
mouth, and terminates at Blaydon in Winlaton. A very 
peculiar kind of veffcls, as bcfoic mentioned, is in ufc upon 
this river for carrying coals from the waggon -roads, or rail- 
ways, and ftaiths to the fhips ; thefe are called keels, and are 
limited (by n and 15 Geo. HI.) to 25^ ions of lading, or 
8 NewcalUc chaldrons of coals. From an humane let of 
Gentlemen rcfidcnt upon, and concerned in the trade of this 
river, originated the idea, and they oHcred a public reward 
for the r^c^oaty which Mr. Greathcad brought to pci ft-aion, 
and lirft tried at the mouth of this river on the ,3otli of Ja- 
nuary 1790. (See the article Life-boat). The coals from 
the numerous coal-mines near this river were formerly deli- 
vered to the colliers or coal-flnps lyitig bdow Ncwcallle 
bridge by means of the keels, but of late years feveral mines 
have’ been opened on both lidti of the river, and the rail- 
ways thcrefro.m are condudled to llaiilis or fpouts on the 
quays, by which means the coals arc Ihot at once into the 
holds of the (hips. Wooden rail-ways were, finct about the 
year 1680, in ufc between the mines and this river, feme of 
them of confiderable length, thofc to Tanfield-Moor arc 10 
miles long. In April, 1798, an inclined-plane of 864 yards 
in length", was opened from Bciiwell, or Byweli collieries, as 
before mentioned ; in Oaober 1803, a rail-way from Mr. 
Temple's Jarrow mine ( 128 fathoms deep) was opened to the 
liver. No lefs than 35 forts of coals, or rather the produce 
ef as many pits, arc ufually (hipped from this river fur Lon- 
don, amounting to 700,000 chaldrons annually : fee Edhg- 
ton's E/ay, Bee. p. 31. On fome of thefe mines, immenfely 
large llcam cngincs arc employed; in 1763, a new engine 
was crcdlcd at Walker colliery, with a cylinder 74 inches 
diameter and 10^ feet long, which weighed 6i tons, and 
was calculated to lift 307cwt. of water by each ftrokc of its 
pump,^ There is an ancient (lone bridge of 9 arches over this 
riverr which was greatly damaged by a flood in 1771 ; in 
the year 180!, it was fuggefted to remove as many of its 
piers as would form a 144 opening near the fouth bank, 
and to confti-ua an iron arch over the fame, high enough 
for the keels to pafs without lowering their mads. The 
coTifcrvators of this river, in purfuance of the laft of the above 
ads, have deepcoed and improved the fame and its quays ; 
in 1801, a new dry, or graving-dock, was opened at South 


Shields, capable of receiving (hips at neap tides ; in 1802, an 
a6t*pa(red for building a new light-houfe at Tynemouth with 
reverberating lamps, inftead of a coal Are blown by bellows, 
before ufed. In the year 179B, it was propofed to make a 
tunnel or road-arch under the Tyne river fiom North to South 
Shields for the paiTage of carriages and palTengers, and the 
cxpcnce thereof was cHimated at 6,993!. In 1795, the 
Newcafile and Carlijle canal was propofed to join this river 
near Ncwcallle ; in 1796, the Ne^tvcaJlU and Haydon bridge, 
and in or before 1801, the Newcajlle and Maryport were 
alfo propofed. In 1797, and again in 1802, the Durham 
and Chi^er-le-Street canal was propofed to join this rivtr near 
Gattfhead; and in 1803, the Tyne and Beamijb canal wa*. 
propofed through part of nearly the fame tra£l. 

Tyne and Benm 'ijh Canal, In 1803, it was propofed to 
make a canal from the Tyne rivtr, near Gate (head, through 
Gatefliead, Wickham, Lamefley, and Birtly townfliips, to 
Beamilh iron works and coal-mines. 

U EVER STONE Canal. A£l 33 Gco. III. — Thc direc- 
tion of this fhort, but large canal, is nearly N.W. for 
mile in Lanca(hir€ ; it is level with high-water at ordinary 
tides, witli a La-lock at its entrance ; its ohje 61 is to admit 
(hips to Ulvcrllone town. This canal commences at Hammer- 
Ade hill in Morecambe bay in the Irifli Sea, and terminate# 
at thc new bafon and wharfs at Uiverltone ; thc canal is 65 
feet wide at top, 30 feet at bottom, and 15 feet deep; thc 
lock is 1 1 2 feet long ; at the lowelt neap tides there is a 
depth of 9 feet water at thc gates, and at fpring tides of 20 
feet ; a public fwing-bridge is built at Hammerfidc. That 
able engineer, Mr. ^ohn Rennie, was employed on this ca- 
nal, and completed it about July 1797. This company 
was authorifed to raife 7,000! , the amount of their (hares 
being 50I. each. Coals may be brought to this canal from 
the Lancajler canal, without paying the fea duty ; fome 
iron works have been cllabli(hed near Ulvcrllone (incc the 
opening of this canal. 

UppinyjHim Canal. In 1793, it was propofed to make a 
canal from tlic town of Ujjpingham in Rutlandfliirc, to 
conncifl with the LciceJltrJJAre and Northampionjbire Union 
canal, and provifion is made ia its aCl (33 Geo. III.) for fuch 
junctions. 

UsKK River. The dirc£lion of this river is nearly N. 
for ab ;nt .; miles in ilic county of Monmouth ; the tide flows 
througli its whole kn^uh ; its objecls are the export of coals, 
iron, 5 cc. and the irade of Newport; at Pill-Gwtielly it 
cornecl:! wah the Moumouthjhive canal, and wdth the Sir^ 
hr.vy ti:»m r lad ; it commences in thc Severn river at Na(h, 
and ttrminatrb al Nt-wport bridge. 

ll^ahfihl and HuUit. In September laft (1805) notices 
we're given for a rail way fi om thc Calderand Hehhle naviga- 
tion at Bottom boat in Wakcflcld, to Hullet-hall collieries, 
v.ith branches to Birftal and Smithic bridge in the weft 
riding of Yorkfliire, 

Warwick and Birmingham Canal. Afts 33 and 
36 of G<.o, 1 1 1. — The general dircClion of this canal is nearly 
N.W, for 25 miles in the counties of Warwick and Worcef- 
ter ; it crotles the grand-ridge without a tunnel ; its objefts 
are the fupply of Warwick with coals, &c. and forming 
part of the mod diredl water communication between Bir- 
mingham and London ; at Kingfwood in Rowington, this 
canal is joined by a branch from the Stratford canal. 
Birmingham is the 6tli Britilh town with 73,670 perfons, 
and Warwick is thc 107th with 5,775 perfon^ on the line 
of this canal ; which commences in the Warwick and Naptm 
canal in Biidbrook pan(h near Warwick, and terminates in 
the Digbeth cut of the Birmingham and Fa%eley canal at 
DigbetE near Birmingham ; it has a cut of i of a mile to 
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♦^1 c Hafon at Salttsforcl m Warwick. Piom tkc IVarKiuch 
anJ Mapinn canal, about 4 a mile, to near Rudbrook town, 
is level ; thence 2- miles to Hatton, is a rife of about 20 
locks; thence to the Stratford branch, about 5 miles, ij 
level ; thence to Knowle common, about 44 miles, is level ; 
thence to Kuowle-wliarf, i mile, is a fall ol about 7 locks ; 
thence to near Dcriteiul, about 10 miles, is level ; ibencc to 
the Dijvbeth branch of B/rmh^ham and J'azehy, i-j mile, 
is a rife of about 5 locks. At the termination at Digbeih a 
Hop-lock is eredUd, which the Binnw^ham and Fazchy com- 
pany may fallen up, whenever the water in this canal U of 
lefs depth than 4 feet at fucli lock. At Hakley theie is a 
tunnd of ^00 yards in length ; at Henwooil wharf there is 
an aquedud over the Blythe river ; near Flirit Green another 
over tlje Cole nver ; and near its termination at Dighcth 
another over the Rea river. In May the northern 

end of the canal for m.ar 9 miles to Ilcn\v.)Ofl aqueclnfl was 
completed and opened ; and, on the 19th of l)eoLmbtTi799, 
the whole line was completed and opened. On the of 
April 1709, a batik of tin’s canal broke, it was f.«td, and the 
flow of tlic waters did fome damapje. 'Ftiis company was 
authorifed to raife iSo,oo'jl., the amount of tlieir s is 
lool. each. The rates oftonnap;e will be found in I^ir. Jt bn 
Cary*s Inland Navipytflony pages 56 and 57 ; paving- (le*ncs, 
r(»ad-materials, and manures for adjoi'iing lands 
lime), arc to pafs free on the pounds, or through the hxks 
when the w?ter runs w.ilte. HuPoandrv bo:.t8, not cxcerditig 
i; feet wide, may be ufed by occupiers of lands ; boats Icfs 
than 70 feet long, or with Icfs than 20 tons of lading, are 
not to pafs the locks without leave. The BiriFni^Lm ,rs / 
Fii%chy company arc allowed to take 6d. per tin ou all good> 
which" pafs from that canal to this, until they have paid oil 
”5,6001. of their debt, after which they are to take only y \, ; 
they are alfo allowed jd. per ton on all goods pafilng fiom 
this canal to that. 

Warwick and Natton. AOl .54 and ^^6 Gc-o» HI. — 
The general dirc^-tuni of this canal, (at full culled the ^Va^- 
wick and Braunllon,) is nearly Fail, for about 15 miles, in 
the county of Warwick : it is conliclerably elevated, and 
terminates near to the grand-ridge, on its Weft hde; its 
main object is, the opening of the moll dirc£l line between 
Birmingham and London. Warwick is tlic lojlli Btitifli 
town, with .'5,77.') perfons ; Southam is alfo 11 conliderahle 
town near to this canal ; which commences in the H^ar^wich 
end Birmingham canal, in Budbrook parifli near to Warwick, 
and terminates in the Oxford canal at N..pton on-tlu-hill ; 
near Warwick it croffes the Avon rlNtr, on an aquednit 
bridge ; near Radford and Long-ltchiiigton there art frnnller 
aqutduds. Tiiis canal is levd with the JVnrwlck and litr- 
fningham canal at their junction, and is entitled to ti;c wulle 
water from that canal. This canal was compU'ted on t.ic 
19th of December 1 799. The company were authoriud to 
raife 130,0001.; the amount o; each fharc bt uig icol,, but by 
the lali aA above, the holders of the origin.:! looofliares, were 
authorifed to coiilribute any further fu and to be entitled 
to a proportionate dividend, with o.iivnal ihares, on fuch 
addition. The tonnage rates are adapted to the principle, or 
making goods pay a higher rate for roort dillances ; fee 
John Carfs Inland Navigation, pages 59 and 60 ; paving- 
ttoncB, road-materials, and manures for the ailjoining lands, 
(except J»UK',) are to pa^s free on tlie p -unds and through 
the locks when the u ^ter runs walk there.it. Boats Ids 
than 70 feet long, or with lefs than 20 tons of lading, are 
not to pafs the locks without leave. Tl:c 0 ^:Joyd cni al 
company arc entitled to a variety of rati s on ,>o . us pairing 
out of this canal into thiu- which fee in as ab-we. 

Wavemey River. The general duxdiou of uia river 
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is nearly S.W. by a bending couife of about miles, be- 
tween ilie coumies of Suffolk and Norfolk : it is nut greatly 
elevated in any part ; its objeds are the import of coal«, 
deals, t^vC. and export of agricultural produtts: Yarmouth 
is tlie 2Slh Brinlh town, with a population of 14,S4 5 per- 
fons'; Ik'cclcs and Bungay are alfo confidcrabic towns, on or 
near this liver; which commences in the Tare liver at Burgh, 
and t^TiniJiritts at tiio town of Bn igay. 

WhAR Rivnx. Ad .;4 Geo, II. — The general direc- 
tion of this river is neaily S.W. for about 10 miles in the 
county of Durham ; it is not greatly elevsted in any part ; 
its piincipal object is the cxpoit of coals. Sundcrla::d i.s 
the 34th Britifli town, with 12,412 inhabitants ; Durham is 
the 74th, with 7,550 perfons; and Bifliops-Wearmoutli i^ 
the 97th, with 6,ii6 ; Monks Wearmoulh and Chdtcr-lc- 
Hrcet arc alfo conliderable towns, on or near this river ; 
which commences in the Geiman ocean at Wearnronth near 
Sunderland, and terminatfs at Lumley calUc. There is a 
rail way of 7 miles in length from this river to Eaton-MMin 
colliery, and a great rumberof others of confidcrabic lengths, 
for cmu'cying coals to the flailhs and fpouts where barges 
and fhips arc loaded with them. Eighteen ddbrent forts of 
coals, or rather the pioduce of fo many dilTerent pits, are 
iifuallv fliipped from this river for the London market, 
amounting in die whole to k; 7,000 chaidroti., annually ; fee 
Bdhiglon's Ffliy on the Coal trade y page .51. In 1761, Mr, 
fohn ^i.iuuln was confnbed, about the building of the fird 
lock o I this uver ntur Hiirratoii ; the finking ot its foiiiida- 
tioiKs being thought to endanger the coal-n.incs which wire 
working imdii' the r.ver at that place, the liver was then to 
be detpened and made navigable, from Briddick-ford to 
the new biidge, the cflimite being 3700I. In iht year 
i:)0'’-, a new dry or graving-dock was hewn out of the lock 
on the North fide of the river in Monk-Wcarmouth. On 
the </h of Augull 1796, a grand iron briilge of one arch, 
2:50 feet fpan, and J 00 feet high above high-water mark, 
was completed over this river at Wcarmoniii near Sunder- 
land, as we have already mentioned in this article, and in 
onr article Bridge. The importance of this bridge, befides 
its advantage in admitting fliips further up the river, will 
appeal from the tolls for paiTing over it, having been let for 
the current year at 20S0I. At the month of this river 
thtie arc two piers for the improvement of Sunderland har- 
bour ; in j8o2, a new ligbt-boufe, 70 feet high, w'as built 
on the North pier, furninicd with rcflc6ling lamps : during 
tide-time every night, another light i.s exhibited below the 
principal one, as a notice to (hips \)f the proper time to enter 
the harbour. In 1797, and again in 180?, the Ihirhnm 
and Chtprdefireet canal was propofed to join tins river mar 
Clieliir, and thence extend the navigation to Dnrhuni. 

Weaxtii River. Ads 7 Geo. I. and 3/1 Cko. II, — 
The general direction of this river is nearly S.E. by a 
crooked conrfc of 20 miles in Cbefliiic ; it is but little ele- 
vated in any part; its objeds are the import of coals and 
Cumberland reM iron-ore, and the export of fdt, and agiicul- 
tural produds ; Frodlham, Northwich, and M ddlewieh, aie 
confidcrabic towns near this river; which comminces in tlie 
Jllerf y and Irwell navigation, near Wellon, and terminates 
at Winsford bridge : the rife is about 45-^ feet by to locks : 
the boats are from 50 to lOO tons burthen : the triilkes for 
this navigation were authorifed to borrovv money at 5 per 
cent, interell, and 1 per cent, for the rillt ; in*i739, the debt 
amounted to 20,200!., borrowed at 7 and 4J per cent.: this 
<kbt has long ago been paid off ; and, there being no private 
intertd in the concern, to the amount of 3 cool, has beta 
paid iti fomc years, to the county treafurer of Chefhi^. to 
be laid out in amending and repairing the public bridges, 
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and in the repair of high-ways leading to the falt-works, 
agreeable to the directions of the iirft aCt. The falt^mines 
at North wich are 300 feet deep. In 1804, it was in con- 
templation to make a fide- cut to this river, from near Frod- 
into the Merfey at Wclton or Weftern point, for 
avoiding the bar or ihoal at the mouth of this river. 

Welland River. Act 34 Geo. III. — The general 
dircClioii of this river is nearly S.W. for about 37 miles in 
the county of Lincoln, and (Ivirtiug the county^ of North- 
ampton ; it is not much elevated above the fca in any part ; 
its objeCis arc the import of coals, deals, 5 cc. the export of 
Ketton frec-ftouc, Collywefton white dates, agricultural 
products, &c. ; near Crowlaiid it conueCls with Cutwater, a 
branch of the Ken river. Bollou is th^ I02d Britifh town, 
with 5,9 inhabitants ; Spalding, Cnnvland, Market-Deep- 
ing, and Stamford, are alfo towns of loine note on this river ; 
which anciently was navigable •for confiderable veflfels, from 
I'oirdikc-waih to Spalding ; but owing to the conilant 
changes, which have been taking place in thefe furprifing 
fens, and their outfall into the walh, we learn, that in 1618, 
there was not 6 inches* depth of water at low tide in the 
channel, 2 miles below Spalding ; lo that when the com- 
iniflloncrs of fev^'crs inCpeCled the fame, their boat was 
obliged to be carried in a cart upon the lands for 3 or 4 
miles below that town. lu 1721, Kaihantel Rmderly 
(fee his Ancient and Prefent Stale, page 8^3) recom- 
mended the cutting of a new channel, from near tne month 
of Glen river to Wyberton near Uofton, by which the out- 
fall of this river would be into the channel of the Wiilum 
river, inilcad of Fofldikc wafli. I'hc fubfeqtient contractions 
of the Wclbnd river, by embankments near its mouth, fomc- 
what improved the navigation to Spalding, and delayed 
until the year *1794 the adoption of Mr. Kindcrly*s pro- 
pofed cut : in future the commencement of this navigation 
is to be in the tide-way of tlic Wtiham river at Wyberton 
roads, and it terminates at Stamford bridge. The new cut 
is to commence near the Ship althoufe in Wyberton, where 
there is to be a fea-fluice againft the Witham^ for the river 
and flood waters, with gates pointing to fea and to land- 
wards ; the threftiold of this fluice is to be one foot below 
low water mark, and it is to be 30 feet wide in the clear ; 
adjoining to the fluice is to be a tide-lock, for the iifc of 
the navigation, 60 feet long, and 8 feet wide, in the clear. 
From this fea-fluice, the cut is to be continued wcRward, 
with a regular afeent in its bottom, to 4 feet below the fill 
of Vcmat's fluice, and is to terminate in the old JVelland 
river, near Hooton’s Gibbet ; the width of the bottom of 
this new cut is to be 30 feet, and the tides are tft batter 3 
feet for I in height ; at the ditlancc of 50 feet from the 
edge of this cut on the South fide, and 30 on the North 
fide, banks 11 feet in lieight arc to be made, to retain the 
floods and prevent their overflowing the adjoining fens, a 
precaution which has been adopted through the whole couvfe 
of the fens. MetTrs. John Hudfon, George Maxwell^ and 
Edward Haret are appointed commiflioiicrs for fetting out, 
and employing proper peiions to execute the new cut, 
fluices, locks, &c. and arc to cleanfc the channel of the 
Weliand for fomc ditlancc above the new cut, and ered a 
fufHcient dam acrofs the river below the entrance of the 
fame, at Shepherd's hole, to flop the tide waters and turn 
the land waters through the new cut ; the rates of tonnage 
for navigating of which, will be found in PhWi/fs*s 4to. Hi/- 
^ bridge is to be built over the new 
cut at FoiTdyke Inti : at Crowland, there is a moft ancient 
and curious bridge on this river, fpriiiging from three dif • 
fereot abutm nts, and meeting in the middle. Sec our article 
b RtnoE. 1797* ibited ^hat io,oool« had been 

fubferibed (qT carrying the above new cut and improvc- 
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ments into effcA ; and wc hope that ere long the fame will 
be completed. Truftees arc appointed in the above a£I, for 
receiving the tolls and maintaining the works when com- 
pleted bythc commiffioners. The greater part of the courfc 
of this navigation from Spalding to near Peakirk upwards, 
and from Market-Deeping to Stamford, is by modern cuts, 
on the north-wcfl fide of the old river, for avoiding its im- 
perfeifl channel. 

Wcljhpool and Lemlti/ler. About the year 1794, a canal 
was propofed from the Montgomery canal and Severn river 
near WeKbpool, to the Leominjler canal at Wofcrtoii ; palT- 
iiig BifhopB-Calile and Ludlow in its courfe. 

VVey River. The general dire6lion of this river, is 
nearly S.S.W. for 20^ mfles in the county of Surrey : it is 
not greatly elevated ; its objefts are the import of coals, 
deals, &c. and the export of chalk and agricultural products ; 
at Weftley near Weybridge, it is joined by the Bajingfloh: 
canal. Godalmin, Guilford, and Chertfey, arc conlidcrabic 
towns on or near to this navigation ; which commences in 
the Thames river at Ham-IIaw near Weybridge, and ter- 
minates at the town of Codahrin, From the Thames to 
Guilford bridge, 15^ miles, is a rife of S6) feet ; in this part 
tlic channel of the river w^as very early improved by ude- 
cuts, and pound-locks, (laid to be among the firft erefted 
in England, and to have been introduced by Sir Richard 
tVeJlon)i from Guilford bridge to Godalmin, is a canal ci 
miles, with a rife of 32X feet ; which is fiipplicd by a feeder 
from the Wey at Godalmin. In 1791, and again in 1803, ^bis 
navigation was propofed to be joined near Godalmin by a 
canal from the Itching river, ( fee Portfmouth and Croydon), 

In 1800, the Grand Sut'rey was propoled to be extended to 
this river near Weftley; and in 1802, a branch from the 
Grand JunSton canal was intended to conned! with this 
river by menus of the 2'hames at Ham-Haw. 

Wharf n River. The general diredlion of this river 
is nearly N.W. for about 9 miles, bctw'ccii Ainfty Liberty 
and the Weft Riding of Yorkfbire ; it is not much elevated 
above the level of the fea : its objects are the carriage of 
coals, free-ftone, &c. and the export of agricultural produc- 
tions. Tadcafter and Cawood arc confiderable towns on or 
near to this river, which commences in the Ouje river near 
Cawood, and terminates at the town of Tadcaltcr. 

Whitehaven Brook. This brook is navigable but a 
very fliort dillance, in a S.E. direction at its mouth, which is 
wide, conllituting the haibour of Whitehaven in Cumber- 
land ; its chief objed! is the export of coals, lime, and frec- 
ftoiic. This harbour, fituatc on the Irifli fca, has had fevetal 
ads pafTed for its improvement, viz. 7 and 10 Anne, 13 Geo. 
II., i,< 2, 28, 32, and 43 Geo, III. and in September laft 
^1805) notices were given for a further application to par- 
liament. Whitehaven is the 62d Britifh town with 8,742 in- 
habitants. Mr. John Smeaton was oonfulted in 1768, on the 
building of a north pier, and extending the fouthem one 
within 300 feet of it. In 1796, a violent ttorm happened, 
which confidcrably damaged the quays of this harbour. 
There are fevcral rail- ways from this harbour, to the famous 
coal-mines in its vicinity. On the 4th of Auguft 2738, the 
firft rail or waggon-way was opened at this place, leading tu 
Harrithvvaite and Woodhoufe collieries. In 1802, the Hen- 
fingham lime-works were opened. On tlie 9th of Auguft, 

1 803, the rail-way, 700 yards in length, paffing over Branfty- 
arch, or Road-brid^c, to Howgil and Whingill coal mines, 
were opened : and in the fame year thofe to Brackenth- 
waite mine were opened. On 23d March laft (1805) the 
William Pit, at 730 yards diftance from the north wall of the 
halt>our, was opengd. Some of the veins of coals in thefe 
pits are 7^ to xa feet thick, and from the whole of them 
900 tons or upwards of coals are ra.ud daily : one of thefe 
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minei extcnils f of a mile under the fca, at about 600 feet 
benefith its bottom ; inclined plant's^ 200 fathoms long, 
being ufed, for drawing up boxes of coals and others of water, 
from the extremities of thefe workings under the Sea, to 
fhc bottoms of the (Tiaffs; thefe boxes arc drawn up the 
planes by horfe gins ; for which purpofe, and dragging the 
coal-waggons to thi lhafrs, ico horfes are conftantly em- 
ployed under gunuul in tlitfe pits. The fire-damp often 
proves fatal to the men and horfes employed in thefe works. 
There is a fine white free flone quarry on the well Tide of 
the harbour. 

W'lhfey and jDe*tJ^ury, In 1802, a rail -way was pro- 
pofed from the Colder and Hthhle navigation at Ravens- 
bridge in Dewfbury, to Low-moor iron-works in Wibfey, 
about 7 miles in length. 

IVildm and King*s-Bromley. In [7^ 0, the line for a canal 
was furveyed by Mr. Jamrs BruuUey and Mr. John Smeaton, 
from the T'rent river at Wilden-im y to King’s-lhomlcy 
near Litchheld, 25 miles, with a rife of no feet by H) 
locks^ with a branch therefrom to I.on?, ridge near BurHcni, 
miles, with i06^ feet rife, by 2 iS locks ; from which lalt 
a level branch was again propolVd of 3-^ miles, to Newcaftle- 
undcr-linc : another branch of 2 \ miles, to J^itclificld mill- 
pool, 18 feet rife, and 3 locks, and thence A a mile farther 
with 30 feet rife, and «; locks : another level branch w'as 
propokd of 10 miles, to tazeley near Tamworth, and thence 

a mile, to the Tame river, 17 feet rife, by 3 locks. This 
canal w'as intended to be 24 feet wide, and deep, w'ith 
fords in (lead of bridges : the eilimate was ioo,20ol. Mr. 
Smeaton fuggefted an extenfion of tliis canal, over Harccaftle- 
hill, by deep-cutting, v/ith '•efervoirs and heam-engines, for 
fupplying the fiunmit. The Trer.t and Mrrfiy, 
underdlne^ and Coventry canals have fincc aeconiplinicd what 
this fcheme had in view. 

Wilts and 1jkri:s Canal. and 41 Geo. III. 

-—The general diredtion of this canal is nearly N.E. by a 
bending courfe of about jj2 miles, in the counties of Wilts 
and Berks : it crohes the grand ridge at the foot of the 
chalk-hills without any tunnel : its objccls arc the inijxnt 
of coals from both its extremities, the export of farming 
produdls, 3 cc. Abingdon, Wantage, Swindon, Wotton- 
Baflct, Chippenham, Caine, Melkfliam, and l^rowbiidge, 
are confidcrablc towns on or near to this canal, which com- 
mences in the Kennet and /Ivon canal at Sctnilngton, and 
terminates in the Thames and Ifts navigation at Abingdon. 
It has a cut of about mile to Chippenham, one of about 
-7 miles to Caine, and another of about i mile to Wantage ; 
the fummit-level extends from near Wotteii-BafiVt, to near 
the extremity of Wilts. The locks arc calculated for long, 
narrow boats. On the Caine branch there is a fliort tunnel, 
under the road at Ciiningham park ; and a principal aque- 
diidl-bridgc over Broadtowm brook near Wotton-BafTct. 
The rife of the road over the canal bridges is nowhere to 
exceed 3 inches in a yard ; the fprings and llreams within 
2000 yards may be taken ; the ufe of inclined-planes inllead 
of locks is provided for in the ad ; but they will not be 
neceflary, the canal being generally cut through clayey foils 
that have plenty of water : half-mile ftoiics arc to be ereded 
on the canal banks. The company have been authorifed to 
vaife 311,900!.' the amount of fharcs being look each. The 
inhabitants of Caine made an offer, in Augutl 1799, we are 
told, to cut the branch to that town, on being allowed 
the tolls thereon for fo doing. In Auguft 1799, 
wcilcrn end of the line was completed and filled, and on 
the I ft May 1801, by the completion of ih j Kvmct and 
Avon to Semington, the jundlion w'as formed, and 22 miles 
of the line to the aquedud near Woitcn-Baffct, with the 
(^Ine and Chippenham branches, have liiice been ufed, prin- 
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cipally in bringing in bumtifttftu’ic coals. In September 
iSco, two branches of the Thnnus and Severn canal, be 
Faringdoii and High worth, were propofed, to join thiscanni 
at Hflington and Slirivcnliam. In 180.;, the Ayldbury 
branch ol the Cham! JunUkn Ciinal was propofed to conned 
with this catitil hy riieatis of the Jfts ri\cr at Abippdon. 

IVmJton and Stockton. In 1768, Mr. James Bnndhy and 
Mr. Bnheri WhU^^vurth furveyed the line for a canal from 
the Ttes river at Stockton in Dm ham county ; palling 
Ilartburn, Coihams-Uob, Moor-Iioiifc, Oak-tree, Maiden- 
dale, Baiilc-top, Darlington, Cocktrton, J .owerAVaKvorth. 
J.egg’s ciofb, Killci-hv, and Staindiop, to Winllon ; with u 
branch i] mile from Lower-Walwortli t- ♦he 'IVcs at Pierfe- 
bridge ; another from Darlington, 3 mile., to Crofubridge on 
the Tce« ; niid another from Cothamsdlob, 2 miles to t)jc 
Ices at \arm. The rife from Stockton to Winllon is 
feet. A feeder was to lie taken from the livcr, 3 

miles above Winftoii. 'I’hc export of coals, lime, and lead, 
was tlie objed of this propofed cutvtl. 

WisniACH Canal. Ad J4 Ccn. HI.— The diredion 
of this canal is neaily S.L. for 6 miles, in the counties of 
Cambridge and Norfolk; it is but vejy little higher than the 
lea, being embanked through the level fens? its objed is 
a communication between Wilbeacb and I.ynn, inllead of an 
old part of the Nen rivti near it, which i< almoll giown up. 
Wilbeach is the only confiderabie town near this caiiah 
which commences in the AVw river at the rdd Uuice in 
Wilbeach, and terminates in the IVcu liver again at Out- 
well (at the commencement of Well-cicck, a branch of tint: 
river leading to the great On/r ij\er) : it is llraight and 
lt\cl, having fiood locks at its extuiriiies. This company 
were authorifed to raife 20, cool, the amount of each lharo 
being lo -l. All goods enteiing or palling out of this car.dl 
are to pay 3d. per ton, e.xcept government llores and ha*,, 
gage, road-malcrials, manures, and mateiials for tin* n!e 
the Fen. Corporation : hiilbnndry boats may alfo bs. uled toll 
flee, but not pafs the locks. The coimr.iftioncrs lor the 
AV// navigation arc to have icol, out of thefe tolls, and tlic 
rcmaiiidtr, after paying intercll on the debt, is to be ap« 
plied in the repair and improvement of Wtll-crctk. 

WiTHAM {o/d) Rivkr. Ad Olo. IT. -The general 
diredion of this river is nearly N.W. fur about i miles in 
the county of I.,incoln ; it is but little elevated above the 
fea in any pan: its objed s are the inipoit of coals, deals, 
5 cc,, the export of fanning produces, and forming part of 
the inland communication belwee’ii J.ynn and Hull, Idver- 

pool, Mancheftcr, &c. Near Tatterfhall it is joined by the 

Jlorncajile navigation ; at Chapcl hill by the Sleaford navi- 
gation ;and at Wyberton roads tin: new outfall and naviga- 
tion of llie Welland river are to join this river. I^incoln is 
tl/c 76th ] 5 ritini town, with a population of 7,3<>8 perfons, 
and Bolton is the i02d, with 5,926 perfons ; Taiteifhall ia 
alfo a confiderabie town near this river ; which commences 
at the Scan or Scalp in the tide-way of Bofton deeps in the 
Wafh, and terminates in the Fojjfdyhc canal, or new naviga- 
tion at Brayford Mecr. This river below Bolton, about 4 
miles, was anciently lo deep, and was fo much frequented 
by ftiips, that in the 6th year of king John, when the mer- 
chants of London paid only 836I. as a tax ou their lands 
and goods, Bofton contributed 780I. A gradual decay and 
lilting up of the channel and harbour took place to fuch a 
degree, that when in 1761 Meffrs. John Gturtdy^ Langley 
Bdwardsf and John Smeaton examined the Hate of this na- 
vigation, and of the drainage of the adjoining fens, through 
wTiiqli this river is embanked on both lides through neariy 
its w’hole length, owing to the long neglect of the bank?, 
wiiich fhould have confined the returning tide and the land- 
watersi fo as to fcower the channel, they reported that 30 
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ton barges could then fcarccly rrach Bi^ilonj while the na- 
vigation above that town was entirely loft, and the ancient 
•hannel was in feveral ph’ces cntiicly grown up and aban- 
doned by the water, in its ordinary Hate. Mr. Smeaton tlien 
recommended the eredion of a fea-fluice upon this river be- 
low Bofton, the fill thereof as low as low-water, with 3 
openings, amounting to 50 feet wide ; thefe to be furniflica 
with doors pv>iiiting to fca-ward, and draw-gates behind 
them gauged, or having their tops, two feet below the fur- 
face of the fens, for always retaining a proper quantity of 
water in the river in dry feafons ; alfo a fca-lock at the fame 
place for the navigation, furniflied with three pair of gates, 
two of them pointing to the land and one to the fea : the 
ftraightening, enlarging, and deepening of the river above 
Bofton to 80 feet at top, 50 at bottom, and to feet deep, 
were recommended, and the credion of three pound-locks, 
fiirniihcd with flood-gates or opening-weirs adjoining, below 
JL.incoin, and one other fuch lock above. The eftimate for 
fuch of thefe works as related to draining, was 38,000!., 
and for the navigation works 7,370!. It was remarked 
that Lincoln high bridge had but ijjA feet clear width of 
water-way, above which a hard gravelly place, probably an 
ancient ford, called Brayford head, covered frequently with 
only j feet of water, afted as a weir for holding up the 
waters of Brayford meer and the Fojfdyke canal. When 
Mr. Smeaton was afterwards confuhed in the year 1782, he 
objeded to a navigation lock which had been in the interim 
eroded below Lincoln town, and recommended the cutting 
off the communication between Fojfdyle canal and Brayford 
meer, by a pound lock with gates pointing to the canal, 
and to acepen this river through and above Xiincolii bridge, 
and to remove Brayford head, fo as to lower the water 
in Brayford Meer ; the principal wharfs appear to have been 
fince made, and the trade of Lincoln is now carried on 
upon this meer or water. By the adsof 32 Geo. III. le^tHorn^ 
eqftle and Sleaford navigation, thofe companies were required 
to contribute equally with this company in the expences of 
deepening and improving this river through Lincoln high- 
bridge, and thence to the Fojfdyhe canal, in the next 7 years; 
in confcquencc of which, goods paiTin^ on this river to or 
from the Horncq/lle or Sleaford navigations, are to pay only 
half the accuftomed rates on this river. In 1803 it was in 
contemplation to further improve the navigation of this 
river below Lincoln. Much has been written on a prohibi- 
tion faid toexift againft the (hipping of coals from this river, 
on account of its preventing a rivalry with Newcallle and 
Sunderland coals in the London market, by the produce of 
the Yorkfhire, Derby, and Nottingham mines being 
brought by the T rent^ the Fojfdyke^ and this navigation, to 
Bofton deeps ; an cxpcflation not much better founded, we 
fear, than that the opening of the Stover canal would have 
any cfFcft on the London coal- market. 

Worcester and Birmingham Canal. A^s 31, 38, 
and 44 of Geo. ill. — The general direflion of this canal is 
nearly N.E. for 29 miles in the counties of Worceftcr and 
Warwick ; it crolTes the grand-ridge by a tunnel : its ob- 
jeds are the export of coals, and a more dire£l communica- 
tion between Birmingham and the Severn river : at Sclly 
<^k it is joined by the Dudley canal, and at Kings Norton 
hj the Stratford canal. Birmingham is the 6th Britifh 
town, with a population of 73,670 perfons; Worceftcr is 
the 40th, with 11,325 perfons; Bromfgrovc and Droit- 
witch are alfo cofifiderable towns near tms canal ; which 
commences in the Severn river at Diglia juft below Worcef 
ter, and terminates in the old Birmingham^ and the Birmng^ 
ham and Fazeley canals, at their jundion at Farmers bridge 
at the upper end of the town of Birmingham. From the 
JSevem to Tardcbigi IS »• « nfe of 428 feet by 71 
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locks ; ihenoc to tlic Blrmhgham canal, 14 miles, is level. 
The width of the canal at top is 42 feet, and the depth is 
6 feet; th»* looks aic 80 feet long and 15 feet viidc; the 
boats are of 80 tons burthen. At Worcefttr there h a very 
fine biifon for the can:d boats. There are or 5 principal, 
and feveral fmalicr culverts ; the principal tunnel at Wctl- 
lieath is 0700 yards long, iR feet hi;3;h, and 18;]^ feet wide 
within the aich, the depth of water iheroir: is yi feet ; at 
Tardebig is another of 300 yards in length ; ar Shortwood 
is another of .;co yards in length ; at Oddingley one of 120 
yards; and, at Edgbafton anotiur of 1 1 o yards in length ; 
four of tluTc tunntls are upon the fummit-pound. Near 
Collou-IIackeL ihert. is an iinmenfc piece of deep cutting ; 
in 1794, Mr. CanwB mrichine worked by a horfe at 
length, was ufed for excavating the foil, infttad of wheeling 
it out in barrows. Where the fummit-pound of this canal 
conneds with the Birmin^haWi the Dudley^ and the Stratford 
canals; ftop-locks arc credted, which the feveral com- 
panies may (hut and lock up, when the fuppliesof this or the 
other canals fail, lb as to endanger the lowering of the 
fummit-pound, to obftrud the navigation. Mr. John Srnea^ 
ton was one of the engineers to this canal, the fcheme of 
which was laid, and a bill was brought into parliament in 
1790, but the oppofition of interefts, and natural difficulties 
of this vaft undertaking then proved fatal to it ; the great 
anxiety and fatigue which Mr. Smeaton underwent in this 
arduous undertaking, are thought to have injured his health 
and to have (hortened the days of that very able and excel- 
lent man. In May 1796, the eaftern end of this canal, as 
far as the Stratford canal at Kings-Norton, was completed. 
The arching ol the Weft-heath tunnel was begun on the 28th 
of July 1794, the whole of it was turned by the 25th of 
February 1797> (1780 yards of it having been completed 
in the year 1796) and in March 1797, the navigation was 
extended through it to Hopwood wharf, and in the follow- 
ing year, the fame was extended to the weftern end of the 
fummit-pound at Tardebig. The company were authorifed 
by their two firll ads to raife 399,929!. is. lid.; their 
whole (hares being made hereby, of the odd value of 13 81. 
178. 9d. each : thefe were faid to be depreciated in value al- 
moft to nothing ; but in 1802, tlicy had rifen to 40I. each. 
The laft ad was for raifing a further fum of money for 
completing the very difficult part of the line, and fupplying 
lockage-water, by fteam-engines to pump it up from the 
Severn, by refervoirs, &c. which yet remains to be accom- 
plifhed. The rates of tonnage owing to the feveral junc- 
tions with neighbouring canals arc very complicated ; fee 
Cary*s Inland Navigaiion, pages 68 to 70. Two-pence per 
ton is charged on goods entering the Worceftcr bafon from 
the Severn river, to be there unloaded. This company 
guarantees the future profits of the Droitwich company 
to the extent of 5 per cent, annually on each (hare, and 
thofe of the Stourbridge company to 9I. per cent, on 
each (hare : they are alfo to compenfate the water-bailiff 
of Worceftcr for his dues on coals fold on the Severn at 
Worceftcr; they arc alfo to pay to George Perrot cfq. 
as owner of the Stratford ^von navigation, 400I. per an- 
num for lofs of his tolls on the upper part of that nver by 
the making of this and the Stratford canal, befides 
making up any deficiency there may hereafter be, in his 
rents of 12271. for the tolls on the lower part of that 
river. About the year 1793, a branch was propofed, it 
appears, from this canal near Hanbury-Hall to the Droitm 
nmek canal at that town. 

Wye River. The general diredion of this rapid and 
romantic river is nearly N. W. by a very bendin? and crooked 
courfe of about 85 miles, in the counties of Monmouth and 
Herefordi and Brecknock, in Sooth Walesi and Ikirtinfr 
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the county of Gloucellcr : its iiortlictn end ie confidcrably 
elevated : its obje£ts are the carriajjrc of coals, and tlit ex 
port of agt icultural prodiidls ; at Hereford it is approached 
very near, if not joined, by the Hereford ami canal. 

Hereford is the 89th Britilh town, with a population of 
6,828 perfons : Chepftow, Colford, Monmouth, Rofs, and 
Hay arc alfo confiacrablc towns on or near to this river ; 
which commences in the Severn river at Beachlcy, and ter- 
minates at the town of Hay. The tide often rifes in the 
mouth of this river, to the extraordinary height of 40 feet ; 
Chepftow bridge over the fame, is of great height above the 
water at low tide. In 1802, and again in 1804, it was in 
contemplation to make a horfe towing-path by the fide of 
this river, and by deepening the (hallows in fcvcral places 
to improve its navigation. In 1802, the Hean Por^ yaiU 
way was propofedto join this river at Englilh-liichnor, we 
believe ; in the fame year notices were given, for an intended 
rail-way from this river at Hereford, to join the fame again 
oppofite to Lydbrook ; and in March laft (1805) another rail- 
way was propofed from this river to the Monmouthjhlre canal. 

Wyiiley and Essington Canal. Affs 32 and 34 
Geo. III. — The general diredion of this canal is nearly 
S.W. by a very crooked courfe of 23 miles in the county of 
Stafford: it is confiderably elevated, and terminates at its 
weftern end near, or upon the grand-ridge ; its objeft is 
the export of coals, iron, and limr, which abound in its 
courfe : Wolverhampton is the 33d Ikitifli town, with a 
population of 12,^65 perfons; Litchfield and Walfall arc 
alfo confidcrablc towns on or near to this canal ; which com- 
mences in the detached part of the Coventry canal at Hud- 
dlcsford .(near to Whittington brook, and the commence- 
ment of the Birmingham and Fazeley canal) and tenninates 
in the old Birmin^jam canal near Wolverhampton ; there 
is a branch of miles to Hay-hcad lime-works ; another 
of 2^ miles to Lord's-Hay coal-pits ; another of near 4 
miles at Wyrley-bank collieries, with a branch fronj this lalt 
near i mile to Effington new collieries ; there is alfo a 
branch * a mile to near Walfall town, which tenninates within 
^ a mile of the branch of the old Birmingham thereto, brom 
the Coventry cailal to near Cannock- Heath refervoir, 7^ miles, 
is a rife of about *64 feet, by 30 locks ; tlicnc* to ““ 
Birmingham canal, I5i miles, is level; the Lords-Hay, 
Hay-head, and Walfall branches are all level w«h the long 
pound : the Wyrley branch rifes about 36 feet, b, 6 locks, 
ui the firft f mile, the remainder thercot is level, and there- 
from the Effington branch rifes about 24 feet, by 4 locks. 
This canal is 28 feet wide at top, 16 at bottom, and 44 feet 
deep No water is to be taken from the old Birmingham 
canal, but a lock is erefted at the iundtion, and this canal is 
to be conftantly kept 6 inches higher than that, or all boats 
are to be flopped, by a man flationed there for that puTwe: 
the furplus water from this is to be vented into the old Bir- 
minxham canal Litchfield water-works pipes were to be care- 
fully guarded in cutting this canal. Branches of ^ miU s in 
length may be made to this canal by the owners of themnes. 
If tfuy waL no water. Mr. miliarn Pitt was ‘he engineer : 
and the canal and works were long ago completed. The 
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company were authorifed to raife i6o,ooo]. the firfl 35,oooL 
in 125I. (hares; on the extcnfion of the canal in 1794, 
the company were required to purchafe the (hares of certain 
difeontented proprietors: the new (hares are icx)l. each* The 
rates of tonnage will be found in Mr. yolti Caryls Inland 
Navigation^ p. 47 and 48. Lefs than 20 tons in a boat is 
not to pafs toe locks without paying for that lading, except 
empty boats on their return. In 1792, it was propofed to 
make a branch to Stow-heatb, and two others into A(h- 
more-park. 

Yake Rivsa. Tl)e direftion of this river is nearly W. 

by a bending courfe oi irtllcs, in the count}" of 

Norfolk: it is not much elevated in ary part; its oljeds 
are the import of coals, deals}, 6cc. and the export of agri- 
cultural prodii£ls ; at Yarmouth this river is joined by the 
Thyrn river, and at Burgh by IVaveney river. Norwich is 
the I ith Britifh town, with a population of 36,8 *54 perfons, 
and Yarmouth is the 28th, with 14,845 perfons; there are 
no other con/iderable towns ilear this river; which com* 
iiitncts in the German Ocean at Gorlefton-fort, and termi- 
nates at the water-works and mill in Norwich: at Yarmouth 
there is a draw bridge for admitting mailed vclTels above it. 
The quay of this port is i{- mile in length, and in fomc 
parts 150 yards in breadth : a curious kind of low carriages 
called Yarmonth-Carts are ufed for conveying the goodi 
from the quay to the warehoiiies. In 1804, St. Michael's 
Collany bridge over this river in Norwich city was taken 
down, and a caft-iron bridge erefled by Mr. Froft in its 
(lead. In 1785, and again in 1802, the London Lynn and 
Norvoichj or North London canal, was propofed to jom this 
river at Norwich. 

Yore River. A£l 7 Geo. III. — This river, fometlrnes 
called the Urc river, has nearly a N.W. ditvClion fo*- about 
miles in the Weft, and flrirting the Noith Riding of 
Ycirklhirc: its objcdls are the fnpply of Borough bridge 
and Ripon, and the export of agricultural produfts ; at 
Mytoii it is joined by the S^toa/e river. This navigation 
commences in the On/e river at Linton, and terminates in 
the Ri/>on canal at Milby. From the Oufe to the Ripon 
canal, is a rife of j i feet ; at Linton river is a lock, and a 
dam or weir fo made up as to allow about i inch per mile 
in this diftance, for a llrcam naviption. Mr. John Smith 
was the engineer, who in 1767 referred to Mr. John Smea» 
ton for his opinion on the height of Linton dam, and other 
matters relating to the works then going on. 

For further illullrating this part of our fuhjcft, we intend 
to give a map of the Britifh iflauds, fufficiently large to dif- 
tinguifti all the navigable rivers, canals, rail- ways, harbours, 
&c. ; and having adopted a method, by which the inconve- 
niences of large folding-maps will be avoided, and yet per- 
fca facility be given, of reference from any page of the 
map to the other, this will probably be the nrli of a feries 
of maps, for deferibing more particularly than has yet been 
done, fevcral ufcful and cUrious particulars relating to the 
topography and prefent (late of our own country. 
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CANuLEt a cotton or linen wick, loofrly twilled, and 
covered with tallow, wax, or fpermaceti, in a cylindrical 
figure; which, being liglited at the end, ferves to illumi- 
nate a place in the abfeuce of the fun. 

The word candie cornea from candela^ and that from can^ 
doTt of caim% I Urn ; whence alfo the middle age Greek 

A tallow candle, to be good, tnuil behalf (tiecp's and half 
bullock’s tallow’ ; the fat of hogs makes them gutter, givci 
an ill fmcll, and a thick black fmoke. 

Tnllow candles are of two kinds ; the one dipped, tlie 
other moulded ; the fir ft, which arc thofe in ordinary ufe, 
arc of ail old ftanding ; the latter are faid to he the inven** 
tion of the licur le Brez, at Paris. The mai ufiuSlurc of the 
two kinds is very different, excepting in what relates to 
melting of the tallow, and making the wick, which is thtf 
fame in both. 

Candles, method of The different kinds of 

tallow being weighed and mixed in their due propor- 
tion, are cut or hacked into pieces, to facilitate their 
melting, and thrown into a pot or boiler, having a cavity of 
fome depth running round the top, to orevent its boiling 
over. Bung thus perfcdly melted and fleimmed, a certaia 
quantity of water is thrown in, propotlioned to the quan- 
tity of tallow; this fervvs to precipitate the iirpurities of 
the tallow, which had cfc*aped the licimmcr, to the bottom 
of the vcffel. The tallow, however, intended for the firlt 
three dips, muft have no water ; bccaufc, the dry wick im- 
bibing the water readily, makes the candles fpit and crackle 
in the burning* The melted tallow is now emptied through 
a fieve into a tub, having a tap for letting it out, as oc- 
cafion requires. The tallow, thus prepared, may be uftd 
after having Hood three hours ; and will continue fit for 
ufe twenty-four hours in fummer, and fifteen in winttr. 
The wicks are made of fpun cotton, which the chandleri 
buy in (keins ; and they wind off three or four together, ac- 
cording to the intended thickucfi of the wick, into bot- 
toms, or clues, from a certain number of which thresd^i are 


drawn off, and then cut with an inftrument contrived for 
that purpofe, into pieces of the fizc and length of the can- 
dle required. The machine for cutting the cotton confifts 
of a fmooth board adapted to reft on the knees ; (fee Plate^ 
Candle^Malingt fg. 1 .) on the upper furfacc of which 
are the blade of a razor, or a knife, A, and a pin or round 
piece of cane, B, placed at a certain diftance from one ano- 
ther, according to the length of the cotton that is warned : 
the cotton is then carried round the cane, B, and being brought 
to the razor, or knife. A, is inftantly feparated from the 
feveral bottoms or balls. The next operation is that of 

pulling the cotton,’' which is that of laying fmooth the 
threads, removing all knots, &c. and thus rendering it lit 
for ufe. It is then put on the ilicks, or bi-oaches, or elfe 
placed in the moulds, as the candles arc inteuded to be 
either dipped or moulded. The broaches are rods about 
half an inch in diameter, and fomewliat more than three 
feet long. 

Candles, making of dipped. The liquid tallow is drawn 
off from the tub above mentioned, into a veffe) called the 
mould, link, or abyfs, of an angular form, perfeAly like a 
piifm, except that it is not equilateral, the fide on which i| 
opens being only ten inclus high ; and the others, .whick 
make its depth, fifteen. On the angle, formed by the two 
great tides, it is fupported by two feet, and is placed on a 
kind of bench, in form of a trough, t > catch the droppings, 
as the candles are taken out at each dip. At a couvtrnient 
diftance from this is feated the workman, who takes three 
fticks, or broaches at a time, ftrung with the proper num- 
ber of wicks, viz. fix teen, if the caudks are to be of eight m 
the pound ; twelve, if of fix in the })ound, and holding 
them equidiftant, by means of the ftcond and third finger of 
each hand, which he puts between them, he immerges tivc 
wicks two or three times for their firft lay, and, holding them 
fome time over the opening of the vcffel to let thtm draim 
hangs them on a rack, or frame, where they continue to 
drain and grow bard. When coolers they are dipped a 
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(eeond time^ then a tUrd at before \ only for tlie third lay 
they are immerged but twiccy in all the red thrice* The opera- 
tion 18 repeated more or left timesy according to the intended 
thick nefs of the candles* With the lad dip they neck them i 
u e. plunge them below that part of the wick where the 
other lavs ended* Such as we have above deferibed ufed to 
be the laborious method of making common candles ; till 
within 15 or ao years pad* when an invention was intro- 
duced which ferved very much to ditninidi the labour and to 
facilitate the operation. I'his method of making dipped 
candleSi as now pradifed by the manufacturers in Londony 
is as follows: the wicks prepared as above are hung at 
equal diltances upon the broaches ; and when five of thefe 
are filled» they are put into holes in tv/o pieces of woody C, Di 
2.); thus forming a frame full of wicks. The veflel. A, 
I.) is then filled with melted tallow. This vcfl'cl is 
made of Icady and has a holcy By under it for receiving a 
chaffing-di(h to keep the tallow warm ; on each fide of the 
veiTel arc two leavesy Cy Dy for catching the droppings of 
the candles as they arc dipped ; over the vclfel is lufpended 
from the ceiling a framed levery Ky K, with two arched 
headsy Ly L* at each endy in order to give a vertical motion 
to the fcalcy I, and framcy EFGH, the twocrofs pieces, EyP, 
of which are for the leaveSy Cy Dy of /g, 2, to reft upon. 
The dipper then lays hold of the upper bar at G and H, 
and gently pufhes down the wicks into the melted tallow, 
and Seeps them down till he finds that, by the tallow ad- 
hering to them, they are heavier than the weight in the fcale 
ly previously adjufted to the proper weight. The frame of 
candles is then removed and hung up to cool, which takes 
fomc daysy according to the ftatc of the weather. When 
they are quite ftiff, they arc dipped again with a heavier 
weight in the fcale I, and this operation is continued, till they 
arc of the proper fizc. The workman, by means of this fim- 
pie contrivance, has only to guide the broaches and candles, 
and not to fupport the weight of them as in the old method. 

It muft be obferved, that during the operation the tal- 
low if ftirred from time to time, and the ftook fupplied 
with frcih tallow. When the candles arc fini|hedy their 
peaked ends, or bottoms, arc taken off ; not with any cut- 
ting inftrument, but by pafling them over a kind of flat 
brazen plate, heated to a proper pitch by lift undcmcatby 
which melts down as much as is rcquifitc. 

Candles, tnethodof waking wQuld Thefe catidles arc made 
in moulds of different materials; that generally ufed is pew- 
ter. Each candle has its mould, conufting of three pieces, 
the neck, (haft, and foot; the (haft is a hollow pewter cy- 
linder, By (Jig. having the end a fomewhat imallcr than 
the other, that the oandlc may Aide cut eafily, of the dia- 
meter and length of the candle propofed ; at the extremity 
of this is the neck. A, which is a little metallic cavity, in 
form of a dome, having a moulding withinfide, and 
pierced in the middle with a hole big enough for the wick 
to pafs through. At the other extremity is the foot, in 
form of a little tunnel, through which the liquid tallow runs 
uito the mould. The neck is foldcrcd to the (haft, but the 
Mot if moveable, being applied when the wick is to be put 
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in, and taken off again when the candle w cold. A little 
beneath the place where the foot ii apphed to the fhaft, w 
X kind of ftring of metal, which ferves to fupport that part 
of the mould, and to pretent the (haft from entenng too 
deep in the table to be meniiOTed Iwreafter. 

of the foot, M a leaf of the fame metal, foldered 
within fide, which, adtandns into the centre, fertea to 
Kp uP tliwicks which iaW hooked on, prectfelyin 
fh^^middle of the mould: The wrek w mtrodu^ into 
fliaft of the mould by a piece of wire) wlucb being 


thruft through the aperture of the hook, till it come out 
at the neck, the wick is tied to it ; fo that in drawing it 
back, the wick comes along with it, leaving only enough 
a-top for the neck $ the other end is fafiened to the hocMt, 
which thus keeps it perpendicular, E E [Jig, 5.) Ten or 
fifteen of thefe moulds, in this condition, are fixed in a 
frame pierced full of boles, the diameter of each bein^ about 
an inch, by a ferew at the top of each mould, which at- 
taches them to the upper board B of the frame. This 
board has three upright fidcs and one (loping, which forma 
a fmall cillcrn for the tallow. When every mould in the 
frame has been provided with a wick, two wires, ee, {Jtg. 5.) 
are paffed through the two ends of the eiftern at the top of 
the frame, and the loops of the feveral wicks. The ends 
of the wicks which hang out of the mould are pulled tights 
their tops are put over the centers of the moulds, and the 
fri8tioii of the mould keeps them in this pofition. Thefe 
moulds are filled with tallow out of a cifiern, A {Jig* 4.) the 
out fide of which is wood, and lined with lead ; within which 
is another cifiern of lead for containing the melted tallow, 
prepared as above, with about two inches fpace between 
them all round to be filled with hot water for keeping the 
tallow warm. In the bottom of the veffel are three finail 
(buttles, B, C, D, communicating with the inner veffel, and 
ferving to fill the moulds, E E, before deferibed. After the 
frame is filled and the tallow has acquired its due confifl- 
ence, the two wires, c e, are withdrawn, and the loofe tallow 
in the cillcrn at the top of the frame feraped out ; they arc 
fet out in the open air to cool, and when thoroughly cold, 
the candles arc pulled out of the mould by a bodkin put 
through the loops of the wicks where the wires, c c, pallid 
before, 

Thofe who aim at perfeftion in their work, bleach or 
whiten their candles, by fattening them on rods or broaches, 
and hanging them out to the dew, and earlictt rays of the 
fun, for ci^t or ten days : care being taken to fcrcen them 
in the day-time from the too intenfe heat of the fun, and 
in the uignt from rain, by waxed cloths. I’aHow-chandlers 
make other candles, which arc intended to burn during the 
night without the nccelTity of being fnuffed. The wick of 
thefe has been iifually made of fplit rulhes ; but of late, 
very fmall cotton wicks have been fubttituted for the rulh ; 
thefe arc much more cafily lighted, arelcfs liable to go out, 
and, on account of the mjalTnefs of the cotton wick, they 
do not require the aid of fnuffers. The price of candles 
ufed formerly to be regulated by the matters and wardens 
of the tallow chandlers^ company, who were accuftomed to 
meet at their hall every month for the purpofe ; but now 
the price of every article belonging to the trade is fixed at 
the weekly markets. 

Candles, waxf arc made of a cotton or flaxen wick, 
(lightly twitted, and covered with white or yellow wax. Of 
thefe there arc feveral kinds; fomc called tapers, ufed to 
illuminate churches, and in proccfTio^s, funeral ceremonies, 
&c. and others ufed on ordinar)' occafions. 

As to the firft kind, their figure is conical, ftill diminilh- 
ing from the bottom, which has a hole to receive the point 
in the candleftick, to the top, which ends in a point ; the 
latter kind arc cylindrical. The firft arc either made with 
a ladle, or with the hand. 

Candles, ^ax, manner of making with the ladle* The 
wicks being twitted, and cut off at the proper length, a do- 
zen of them are tied by the neck, at equal diftances, round 
an iron circle, fuljpended dire£lly over a large bafon of cop- 
per tinned, and (nil of melted wax : a large ladle full of 
this Wax is poured gently, by inclination, on the tops of 
the wicks, one after another ; fo that running down,, the 
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nvholc wick Is thus covered ; the ftirplus returning into the 
bafon, wlicrc it is kept warm by a pan of coals underneath 
it. They thus continue to pour on the wax, till the candle 
arrive at its deftined fize ; dill ohd rviiig, tliat the three fird 
ladles be poured on at the top of the wick, tlie fourth at 
the hci‘;ht of the fifth at and the fixth at by 
which means the candle * rives at its pyramidal form. The 
candles arc then taken \iown hot, and laid afide of each 
other, in a fcathcr-bed fv)ldcd in two, to preferve their 
warmth, and keep the wax foft : they a»-e then taken and 
rolled, one by one, on an even table, ufually of walnut-tree, 
with a long iqnare indniment of box, finooth at the bot- 
tom. The candle being thus ndUd and fmoothed, its big 
end is cut oif, and a conical hole is made in it. 

Candles, wax, manner of making; by the han't. The 
wick being difpofed, as in tbe former, they begin to foften 
the wax, by working it feveral times in hot water, contain- 
ed in a brafs caldron, tiuntd, very narrow and deep A 
piece of the wax is then taken out, and difpofed, by little 
and little, around the v/ick, which is hting on a liook in 
the wall, by the extremity oppofite to the ntck ; fo that 
they begm with the big end, diminifhi ^g ftill, as they de- 
feend towards the neck. In other rcfpt^ls, tbr method is 
the fame here as in the former cafe ; only that they are not 
laid in the bed, but arc rolled on the table, juft as they are 
formed. It nnift be obferved, however, that in the former 
cafe, water is always ufed to moiften the feveral inftruments, 
to prevent the wax from tticking ; and in the latter, lard, 
or oil of olives, for the hands, table, See. 

Candles, wax cylimlrkalf are made cither with the 
ladle, or drawn. The firft kind arc made of fcvtral threads 
of cotton, loofely fpun, and twilled together, covered with 
the ladle, and rolled, as the conical ones, but not pierced. 

Candles, wax, drawitt are fo called, bccaufe adluaUy 
drawn, in the manner of wire, by menus of two large 
rollers, or cylinders of wood, turned by a ' haiid'c, which 
turning backwards and forwards feveral times, pafs the 
wick trough melted wax, contained in a brats bafon ; and 
at the fame time through the holes of an inftnimcnt, like 
that ufed for drawing wire, faftened at one fide of the 
bafon : fo that, by little and little, the candle acquires any 
bulk, at plcafure, according to the diftcreiit holes of the 
inftnimcnt through which it paftes : by this method, may 
four or live hundred ells at length be drawn, running. The 
invention of this was brought from Venice by Pierre Bleft- 
inarc of Paris, about the middle of the 1 7th century. 

The afeent of the tallow up the wick in a burning can- 
dle, may be rcfolvcd into tbe lame principle of tiltiation, or 
attradion, as that of water up a heap of a(hes, or even up a 
capillary lube. The wick of a candle is but (lightly twift- 
cd, that all its hairs may be cafily come at ; which being 
very ftiiall, Toon take the dame : and the dame by its heat 
rarefying the air, and diffolving the tallow uuderncaih, makes 
the globules thereof afeend into the rarefied fpaces of the 
wick, and thefe, with the air about it, prove food for the 
fiamc. 

A patent w^as granted in 1799, to Mr. William Bolts of 
London, for new modes of improving the form, quality, 
and ufe of candles. The moft material altet*aticn in Mr. 
Bolts’s invention from the common method of making can- 
dles, confiils in fating the greater part of the wick by ren- 
dering it moveable ; and for this purpofe it is kept conftant- 
ly fowng in tbe tallow as it melts, fo that the cotton is con- 
fumed very flowly as in lamps fed with oil. The patentee 
employs two methods for accompliftiing this objedt ; one is 
that of making candles entirely folid, without any wick 
through them \ and applying the wick, which is very 


(hort, upon the top of tbe folid candle, where it bums like 
that of a lamp ; the heat which it affords wheh drft lighted 
being fufficient to furnifh the firll fupply of melted tallow, 
and to continue it as long as any part of tbe candle remains 
iincotifumcd. In order to keep the wick conftantly applied, 
it is faftened to a fmull projtdling fpring, into which it is 
firmly fixed ; and the furface of the caudle is aUvays kept in 
contadl with the wick, either by caufing the wick Hand to 
pafs ro’ind the candle like a collar, which moving fretly on 
the candle, will fink in proportion as this is confumed, or by 
making the wick ftand immoveable, and putting a fpiral 
fpring at the bottom of the candieftick, wdiich conftantly 
protrudes the candle upwards againft tbe wick in proportion 
as the tallow is confumed. Hi% lecond method of conftruft- 
ing the candles is that of forming them in the ufual ftiape, 
but with a perforation through their whole length ; and the 
wick in this cafe is a finnll tuft of cotton, which is put into 
the opening at the top of the hollow candle, and to its lower 
part is attached a thread which pufirs down through the per* 
toration to the bottom of the csmlie, where it penetrates the 
candlcftick, and is wound nnmd a kt-y or pivot, a* d by turn- 
ing this pivot, tbe wnck that is attached to the upper part of 
the thread w'ill be pulled down in proportion as the candle 
coufnmes. This method prevents the guttering of candles, 
as all the tallow that is melted is readily abforbed by the 
wick. By a fmall variation in the form of the candle, it 
may be made to ferve the purpofe of an Argand's lamp ; 
for which end it is compofed of a hollow cylinder of tallow, 
including another cylinder alfo perforated ; and the wick, 
which is of a circular form, is here placed between the inner 
and outer cylinders. In all thefe cafes, the wick is compofed 
of thread, placed longitudinally, and not twufted, as is the 
cafe with the common wicks, which undoubtedly alTifts the 
capillary attraction of the melted tallow^ Thefe wicks have 
alio the advantage of not requiring to be fnuffed, for remov- 
ing the carbonaceous matter which efcapes uncon fumed from 
the tallow. Another advantage attending thefe detached 
wficks, 18 the cafe with which their bulk may be proportion- 
ed to that of the candle, and to the fufibility of the material 
of which it is compofed. The patentee alio propofes ano- 
ther improvement, which is that of fubjeding the melted 
tallow or other material to a confiderable prefture, during 
the of cooling ; which is done by means of a condenfing 
machine, preffing the furfacc of the liquid fubftance, and 
then giving it a greater degree of firmnefs and folidity when 
cold. The patentee has fikewife deferibed, and illuftrated 
by a drawing, the contrivance which he has adopted for caft- 
ing the hollow cylindrical candles. For a detail of other 
circumftances that occur in his patent, we refer to his fpcci- 
fication in the Repertory, vol. xii, p. 368, 

Candles, laws relatinp to. Every maker of candles for 
fale, other than wax canoes, (hall take out an annual licence 
at il. 24 Geo. Ill, c. 41, 43 Geo. 111. c. 69. And every 
perfon making wax or fpermaceti candles (hall take out a li- 
cence at 61., and for dealing in, or felling fuch candles (hall 
pay 108. 6d., and renew thefamfiiannualfy, under a penalty 
of 20I. 24 (Jeo. III. c. 36. 43 Geo. Ill, c. 69. But no 
perfon who hath paid fuch licence duty for. making, (hall be 
obliged to take out a licence for felling alfo, during the fame 
year. 24 Geo. lU. c, 41. By 24 Geo. III. c. 74., no 
perfon, refiding within the limits of tbe head-office, (hall he 
permitted to make candles, unlefs he occupy a tenement of 
lol. a ycar^ alTcflred in his own •name, and for which he pays 
the parifh rates ; and elfe where, unlefs he be alTcfted and pay 
to church and poor. By 43 Geo, IIL c, 6$|., in lieu of any 
fubfifting duties of excise, the following duties are impofed $ 
viz for every pound avoirdupois of candles, except thofc of 
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and fpsrmaceti, made In Great Britain, td. ; and for 
rvery pound of waK or fpermaccti candles fo made, 3^d. 
All places fL>r makirg or keeping of candles, and of mate- 
rials for the fame,4and forrace?, moulds, &c, for melting 
1‘ucli materials, arc foibiddcu to be uG‘d wiiliout notice pre- 
vioiidy given in writing at the next ofiice of excife, under a 
penalty of 50I., and forfeiture of all candles and materials, 
furnace", occ. which have not been entered. 8 Ann. c. 7. 
And by ii Geo. c. .?o., makers of candles who make 
ufe of filch places or utenfiU v^ithout entry incur a forfeiture 
of lool. Officers (hall be permitted, at all limes by clay, 
and alfo in the night with a conllahle, to enter the houle, 
mclting-houfe. See. of a maker of candks, and to take an ac- 
count of the quantity, when all chtfts, &c. iliall be opened ; 
and the penalty of obftniMing or molefting fuch officer is 
jool. ; or if candles, &c. he found in unentered places, the 
offender (hall be convidfed in the penalty of lo:-!. 11 Geo. 
c. ;;o. ; fee alfo 24 Gco. III. c. 11. and 27 Geo. III. 
e ^r. Any maker of candl<s (h.ill i^ivc notice in writing to 
the proper oflicer of his inlcntioji to bcghi a courfc of dippmg 
and preparing for the fame, with a declaraium of the time 
wduMi he intends to commence his operation, and a fprcifica- 
lion of the number of llicks, moulds, See. which he propofes 
to ufe, under a penalty of 50I. to Ann. c. 26, 11 Gco. 
c. 30. 24 Gco. III. c. I r. Such notice (hall be given, 
witiiin the hmits of the head-office, 6 hours, within any city 
or maihct town, 12 hours, and clfcwhere 24 hours, before 
he (nail begin, on pain of forfeiting f;ol. 2^; Gco. HI. c. 74. 
If lie docs not begin and proceed at the time mentioned, or 
within j hours next after, fuch notice (hall be void. Having 
begun, he ffiall continue working without interruption, till 
the whole courfe is finilhed, on pain of forfeiting 50I. 26 
Creo. HI. c. 77. Every candle maker (hall provide fufficient 
locks and falUnings to every furnace, copper, mould. See. 
to be fecured by the officer, when they are not ufed ; and he 
(hall give notice in writing to the faid officer, 6 hours before 
the time wffien he wifhes to ufe them, within the limits of the 
cliief office, 12 hours in any market town, an4 24 hours elfe- 
wheie ; anv offence againll the provifionsof this aft incurs a 
penalty of lool. 27 Geo. III. c. ji. The c^cer fhall 
charge for materials that are miffing, after be has taken 
iiccount of tlie fame ; and obftruftion incurs a fcArfeiturc of 
col. Candles that are fpoiled in making (liall b(e defiaced by 
the officer, and he (hall make allowance for the duty. No 
maker of candles fliall, on pain of 2 oh, remove candles 
before they are furveyed ; and thofe that have not been 
furveyed are to be kept (epai ate from the others, on pain of 
5I. 8 Ann. c. 9. On fulpicion, tliat candles ire privately 
made, or concealed to evade the duty, the ground of w'hich 
has been dated on oath before two commiffioners or one juf- 
tJce refidin T near tlie place, the officer may be empowered 
by fpccjal warrant, granted by fuch juiliccs or commiflloucrs, 
to cntir the place fufpefted, and to ftize as forfeited all can- 
dies that arc found, and all materials for making them ; and 
the perfon fo offending, or obllrufting the officer, (hall for- 
feit lool. 5 Geo. HI. c. 4.3. 23 Geo. TT. c. 24. If anv 
chandler (hall mingle candles not w'ciglied by the officer with 
thofe that have been weighed, or remove any before weighing, 
or conceal any candles or mattrials, he (liall forfeit tool, ii 
Geo. c. 30. Any perfon who is found affiilirg in pri- 
vately making candles (hall forfeit 20I. ; and every perfon 
making candles fhall once in every w^^ek enter the fame in 
writing at the next excifc-office, with their weight, number, 
fize, and quantity ; on pain for every negleft of entry to for- 
feit 20I. ; and in one week, after fuch entry, he (hall clear 
off the duties, on pain of double duty, nor (hall he carry out 
candles till the duty hath been paid, oji pain of double value. 


25 Gco. in. c. 74, Perfons buying, reedving, or havjn: 
in their poffcffion candles, not charged with the duty, (hall 
forfeit the fame, and treble value. 26 Geo, III c. 77. Nor 
(liall any perfon evpofc to fale any candles, unicfs in hi> pubi c 
(liop or wart houle, public fair or market, on pain of rl. 8 
Ann. c. 9. No candles (hall be impoited, otherw^ife th in in 
fome package containing at lead 2241b. of neat candles, on 
pain of being feized and forfeited, and the mailer of the 
veffcl (liaU forfeit 50I. 23 Geo. 11 . c. 2f. 42 Gco. Ill, c. 
93. And no candles imported otherwife than according to 

23 Geo. II. c. 21., (lirdl he entered for exportation. 42 tJeo. 
HI. c. 9 All vax candles ftized on importation or other- 
wife, and condemned for non-payment of the duties, (hall 
be rendered unlit for ufe. 24 Gco. III. c. 36, Caudits for 
which the duty Ijaih becji paid may be exported, witli a 
draw-back of the duty. 8 Ann. c. i}» 43 (reo. 111 . c. 69, 
It any maker of candles (liall obllruft any officer in tbe execu- 
tion of the powers given him by any adt for fecuri:»g the du- 
ties on candles, he (liall for every fuch offence forfeit tool. 

24 C*eo. III. c. ) I. Every maker (liall keep juft (calcs and 
weights, 'and permit and affift the officer in the ufe of llum, 
on pa’ll of lol. 8 Anr, c. q.; and if he ufe fcales and weights 
that are infufticient, lie (liall forfeit lool. 10 Geo. ilL c. 
44* ♦ by 28 Gto, HI. c. 37 » fame (liall be foif'^ited, 
and may be ftized by any officer of excife. Obftrudlion of the 
officer in weighing or the hindrance of his taking a juft ac- 
count of (lock, fubjtdls to a forfeiture of jool. 26 Geo, 

III. c. 77. 

Candles, Ohfervatlons on the mamtf allure ^ romparatlve 
/i/r, and ufe of dijlrent. The Roman caudles were at firll 
little ftrings dipped in pitch, or furrounded with wax ; 
though afterwards they made them of the papyrus, covered 
likewife with wax ; and fometimes alfo of rulhes, by drip- 
ping off the outer rind, and only retaining the pith. For 
religious offices, wax candles were ufed ; for vulgar ufes, 
thofe of tallow. Serv, ad. JCn. I. i. v. 731, Plin. Nat. 
Hift. 1 . xvii. c. 37, Lord Bacon propofes candles of 
divers compofilions and ingredients, and alfo of different 
forts of wicks ; with experiments on the degrees of duration, 
and light of each. Good houfe wives are faid to bury their 
candles in flour, or bran, which, it is faid, incicafts their 
durability, almoft one half. Some fpcak of perpetual can- 
dles made of Salamander wood. Bac. Nat. Hilt. Cent. 4. 
c. 369, and Cent. 8. c. 744. 

The two fubllanccs moll commonly ufed in the manufafture 
of candles arc wax and tallow. Wax owes its wdiitcnefs, and the 
greater conliftency it acquires, to an abforption of the vital part 
of the atinofphere ; and in this circumftance it feems princi- 
pally to differ from tallow, or concrete oil. But as wax is al- 
ready combined with a portion of vital air or oxygene, it does 
not burn with fo luminous a flame as tallow or^od. But it 
poffeffes a very great advantage in the fabrication of candles, 
aniing from its freezing point being placed at a confidcr- 
ably higher temperature than that of the other fubllancc. 
Tallow melts at the 9;d. degree of Fahrenheit’s thermometer ; 
fpermaccti at the j 53d. degree ; and bleached wax at 155®. 
FIcnet it will not be difficult to explain the chief advantage 
of wax candles compared with thofe of tallow. Oils, it 
(hould be confickred, do not take fire, unlefs they be pre- 
vioufly volatilized by heat ; and this is eff’efted by means of 
the w’ick of a candle, or lamp. The oil rifes between the 
fibres of the wick by the capillary attradion. Heat, being 
applied to the extremity of the wick, volatilizes and fets 
fire to a portion of the oil. While this is diffipaied by com- 
buftiop, another portion paffes along the fibres, or fupplics 
its place by becoming heated and burned likewife^ In this 
way a conilant combuftion is maintained. A caudle, how- 
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fircr, differs from a lamp m one very effcntial cireumftance ; 
viz. that the oih or tallow» is liquefied only as it comes to 
be in the vicinity of the conflagration ; and this fluid is re- 
tained ill the hollow of the part, which is ftill concretCy and 
forms a kind of cup. The wicky thcreforey (hould not* on 
this account, be too thin ; bccaufe if this were the cafcy it 
would not carry off the fluid as faff as it becomes fufed ; and 
the confequence ivould bCy that it w*oiild run down the fides 
of the candle : and as this inconvenience arifes from the fii- 
fibiliry of the oil, it is plain that a more fufible candle wult 
require a larger wick ; or that the wick of a wax candle may 
be made thinner than that of one of talluw. The flfime of 
a tallow candle will of courfe be yellow, fmoky, and obfeure, 
except for a (hort time after fnuffing. When a candle with 
a thick wdek is firff lighted, and the wick fnuffed fhort, the 
flame is pcrfcA and luminous, unlcfs its diameter be very 
great ; in which laff cafe, there is an opake part in the 
middle, where the combuffion ie impeded for want of air. 
As the wick becomes longer, the interval between its upper 
extremity, and the apex of the flame is diminiflied ; and 
conrequcntly the oil, which iffues from that extremity, hav- 
ing a lefs fpace of ignition to pafs through, is lefs com- 
pletely burned, and paffes off partly in fmoke. This evil 
increafes, until at length the upper extremity of the wick 
projeAs beyond the name and forms a fupport for an ac- 
cumulation of foot whicii is afforded by the imperfect 
combuffion, and which retains its figure, until, by the de- 
feent of the flame, the external air can have accefs to the 
upper extremity. But in this cafe, the rcqiiifite combuffion 
which might (nuff it, is not effe^ed ; for the portion of 
oil emitted by the long wick is not only too l^rge to be 
pcrfefUy burned, but alfo carries off much of the heat of the 
flame, while it affumes the elaffic ffate. By this diminiflied 
combuffion, and increafed efflux of half-decompofed oil, 
a portion of coal or foot is depofited on the upper part of 
the wick, which gradually accumulates, and at length affumes 
the appearance of a fungus. The candle does not then give 
more than onc-tenth of the light wdiich the due combuffion 
of i>G materials would produce $ and, on this account, tallow 
candles require continual fnuffing. But if wc dired our at- 
tention to a wrax candle, we find that as its wick lengthens, 
the light indeed becomes lefs. The wick, however, 
being thin and flexible, does not long occupy its place 
in the centre of the flame ; neither dues it, even in that 
fituation, enlarge the diameter of the flame, fo as to prevent 
the accefs of air to its internal part. When its length is too 
great for the vertical pofition, it bends on one tide ; and 
Its extremity, coming in conta^ with air, is burned to 
aflies ; excepting fuch a portion as is defended by the con- 
tinual afflux of melted wax, which is volatilized, and com- 
pletely burned, l^ the furrounding flame. Hence it ap- 
pears, that the dimcult fufibility of wax renders it pradlicable 
to burn a large quantity of fluid by means of a fmall wick ; 
and that this fmall 'wick, by turning on one fide in confe- 
quence of its flexibility, perfoims the operation of fnuffing 
upon itfelf, ill a much more accurate manner than it can 
ever be performed mechaiiTcally. From the above ilatement 
it appears, that the important objcdl to focicty of rendering 
tallow candles equal to thofr of wax, does not at all depend 
on the com^'.illibility of the r«-f})edlivc materials, but upon a 
mechauical advantage in the cup, which is afforded by the 
inferior degree of fufibility in the wax : and that, in order to 
obtain this valuable obica, one of the following cffcas mutt 
be produced : cither the tallow muff be burned in a lamp, 
to avoid the gradual progreflion of the flame along the wick ; 
or feme means muff be devifed to enable the candle to fnutf 
itfcit, as the wax.oaudle does ; or the tallow itfelf muff be 
ren^red lefs fufible by fome chemical procefs. With a 
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view to the firff of thefe objefts, a cylindrical piece of tallow 
was inferted into a metallic tube, the upper aperture of 
which was partly clofed by a ring, and the central part oo 
cupied by a metallic piece nearly rcrfcmbhng that part of the 
common .lamp which carries the wick. This piece was 
provided withafl)oit wick. The cylinder of ullow was 
fuppoited beneath in fuch a manner that the metallic tube 
and other part of this lamp were left to reft w ith their whole 
Weight upon the tallow at the ring or coiitraflion of the 
upper aperture. In this fituation the lamp was lighted, and 
it burned for a confidcrable time with a bright clear flame, 
more uniformly intenfe than that of a candle, and fuperior 
to the ordinar^^ flame of a lamp in its colour and the perfed^ 
abfence of fmtll. After fome minutis it began to decay, 
and foon afterwards went out. Upon examination it wr« 
found, that the metallic piece which covered the wick had 
fufed a fufficient quantity of tallow for the fupply during 
the combuffion ; that part of this tallow had flowed beneath 
the ring, and to other remote parts of the apparatus, beyond 
the influence of the flame ; in ci/nfequeiicc of which, the 
tube and the cylinder of tallow were fallencd together, 
and the cxpe£\cd progreflion of fiif»ply prevented In every 
lamp for burning confiffcnt oik, it feems? probable, fays Mr. 
Nicbolfon (ubi infra,) that the materials ough.t to be fo dif- 
poftd as to defeend to the flame upon the pilnciple of the 
fountain refervoir. Although this conffrudlion failed, a 
contrivance of a limilar nature would be of very gieat public 
utility. With regard to the fecond objt£l above fpccificd, 
Mr. Nicbolfon is led by various confiderat'ons to imagine, that 
the fpontaneous fnuffing of candle*? made of tallow or ether 
fufible materials, will fcarctly be effected but by the difeovrry 
of feme material for the wick, which (hall be voluminous enough 
to abforb the tallow, and at the fame time fufficicntly flexible 
to bend on one fide. The moft promifiiig fptculation refpeff- 
ing this moft ufcful article, fee ms to regard the cup which con 
tains the melted tallow. This is apt to break down by fufion, 
and thus to fuffer its fluid contents to efcape. The Chintfc 
have a kind of candle about half an inch in diameter, which, 
in the haibour of Canton, is called a “ lobchock.'* The 
wick is of cotton, wTapped round a fmall ftick or match (if 
the bamboo cane. The body of the candle is white lal-ow ; 
but the external part to the thicknefs of about one thirtieth 
of an inch confifts of a waxy matter coloured red ; tin's co- 
vering gives a confidcrable degree of fdiv’itj to the candle 
and prevents its guttering, bccaufe it is lefs fufible than tlie 
tallow itfelf. The Hick in the middle might probably be 
of advantage in throwing up a lefs quantity of oil into the 
flame than would have been conveyed by a wick of cotton 
fufliciently flout to have occupied its place unfupported in 
the axis of the candle. Mr. Nicbolfon lays that he forme ’y 
made a candle in imitation of the “ lobchock.'^ For this 
purpofe he adapted the wick in the ufual ptwter mould ; he 
then poured in wax, which was immeiaiely afterwards 
poured out ; the film of wax, adhering to the inner fur- 
lace of the mould, foon became cool ; and the candle w.is 
completed by filling the mould with tallow. When it was 
drawn out, it was found to be cracked longitudinally on its 
furface, which he attributed to the contra^ion of the viax, 
by cooling, being greater than that of the lallou ; or it 
might have been owing to the too fudden coi ling of the 
wax ‘orfvjre the tallow was poured in. The expiriinent was 
not repcatt'd. After all, the muff di-cifive remedy F.>r thtim- 
perfedion of th*8 chcapeff, and in other rdpc' ts .n il ma- 
teria! for candles, wotdd undoubtedly be a diuii i fon .if its 
fufibility ; with this view Mr, Nichi/ftm made ‘out. » 'tpe* 
rimeuts. Tne objrft is, in a commeicial view, i jij \^d to 
afllduous and cxteiifivc inv<dligatioru wii ' in ^^^neral, 
fuppofe the liarduefs ur kfs ox ...ix to aul from 
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oitygen ; anJ b lliii objfft attention lliould be dircfted 
in the incnji^. NitlioUon’s I'iHt rrinciples of Clicinillry, 
p. 5t7' Nicholfon’a Journal, Vol. I. p. yo. 

•The Chinefe obtain from the tallow tree ( Croton fdlferum, 
Linn.) a kind of vegetable fat, with which they make a 
confiderable proportion of their candles } which are firmer 
than thofe of tallow, and free from all offenfive odour ; but 
they are not equal to thofe of wax, or fpermaceti. Cheap 
candles are alfo made of tallow, and even of greafe of too 
little confiftence to be ufed, without the contrivance of being 
coated with the firmer fubftance of the tallow tree or of wax. 
The furface of thefe candles is fometimes painted red. Their 
wicks are made of different materials. For their lamps, they 
ufe the amianthus, which bums without being confumable in 
fire, or the artemifia, and cardutis mar.xus, with which 
tinder is alfo made ; but fur candles, they ufe a light in(lam< 
mable wood, in the lower extremity of which is pierced a 
fmall tube to receive an iron pin, which is fixed on the flat 
top of the candlellick, and thus fnpports the candle, with- 
out the neceflity of a focket. The candle-makers at Munich 
have for feveral years pad prepared tallow candles with wood- 
en wicks, which afford about the fame quantity of light as a 
wax candle, burn alfo with great (le.idinels 8ndnniformity,and 
never crack or run. Thefe wicks are formed ofvei 7 thin (lips 
of wood, bound round to a confiderable thickneis with very 
fine iiiifputi cotton, but fuch that the fize of the wick docs 
not much exceed that of the wick of a common candle. The 
candU-makers either purchafe or prepare for thcmfclves thefe 
flips of wood, which are fomewhat fquare and not completely 
rounded, and are made of pine, willow, and other kinds of 
wood, but mod commonly of fir. oume take (hoots of the pine- 
tree a year old, or common fir twigs of the fame age, ferape off 
the bark, and reduce them to the fize of a fmall draw ; they 
then rub over thefe rods with wax or tallow, till they are co- 
vered with a thin coating of either of thefe fubdances ; after 
which they roH them on a fmooth table in a very fine carded 
cotton, drawn out to about the length of the rod or candle- 
mould. After this preparation the w:ck will have acquired 
the fize of the barrel of a fmall quill ; and the more (tccurately 
the fize of the wick is adapted to that of the candle-mould, 
fo much the dearer and longer will the candle bum. 'I'hefc 
wicks are then placed very cxadly in the middle of the mould, 
and retained in that pofition ; and good frefli talW, previ- 
oufly melted with a little water, is that poured round them ; 
but old and rancid tallow will not run if the w’H’kii be pro- 
perly made. Thefe candles not only burn lomrcr than the 
common ones, but they do not flare, and the) are lef" pre- 
judicial to the eyes of thofe who are acciiflomi d to read or 
write at night. They mull be fnuffed with a pair of (harp 


feiffars, and in doing this care mult be taken not to damage 
or break the wick. 

It has been fuggefted by Di. Franklin, that the (lame 
of two candles joined gives a much (Irongcr light than both 
of them feparate. Probably the union of tlie two flames pro- 
duces a greater degree of heat, by which the vapour is atte- 
nuated, and the particles of which light confills more copi- 
oufly emitted, rritllley’s Hill, of Vifion, Scc.p. 807. For 
ncomparifonufthelightofacand:' with that o(^a lamp, fee 
L A M r . For the method of ellimating tl\e intenfity of candle- 
light, &c. fee Light and Photomktpr. 

Dr. Ingenhoufz has deferibed in the Philofophical Tranf- 
atlions (vol. 68.) a method of lighting a candle by a 
fmall eledlrical fpark. For this purpofe he lifts a fmall 
phial, having B or 10 inches of metallic coating, or even 
lefs, charged with eledlricity ; and the operation may be 
performed at any time of the night by a perfon, who has 
au eledrical machine in his room. " When 1 have occalioa 
to light a candle,” fays he, “ I charg* a fmall C'''!ited phial, 
whofe knob is bent, outwards, fo as to hang a little over the 
body of the phial ; then I wrap fonie bole cotton over the 
extremity of a long brafs pin or a wire, fo as to flick mode- 
rately fail to its fuiiflance. I next roll tins extremity of the 
pin wrapped up with cotton in fome fine powder of rifin, 
which 1 always keep in readinefs upon the table for this pur- 
pofe, either in a wide-mouthed phi.il or in a bofe papci ; 
this being done, I apply the extremity of the pin or wire to 
the external coating of the charged phial, and bring as quick- 
ly as polfible the other extremity wrapped loiuni with cotton 
to the knob ; the powder of refiii takes fire and commu- 
cates its flame to the cotton, and both together biiiii long 
enough to light a candle. As I do not want niore than half 
a minute to lii>ht my candle in tins way, I find it a readier 
method than kindling it by a flint ami Heel, or calling a fer- 
vant. I have found, that powder of while or yellow refm 
lights eafur tlmi thr.t of blown. The “ farina lycopodii” 
may he ided lor the lame purpofe ; but it is not fo good as 
the powder of reliii, becaufe it docs not take fire quite fo 
readily, requiring a llronger fpaik not to mifs ; befidis, it 
is foon burnt away. By dipping the cotton in oil of turpen- 
tine, the fame tffeft may be as readily obaincd, ifywi lake a 
jar fomewhat greater in lize. This oil will inflame fo much 
the readier il you drew a few fine panicles of brafs upon it. 
The pill dull is the bell for this purp 'le ; but as this oil is 
fcattcred about by the (•xpI''*ion, ami when kindled fills the 
room with nuicli more fmokc than the powder of refm, I 
prefer the lall.” 

For the method of lighting candles by phofplioric tapers 
,or matches, fee Phosphorus. 
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CAlir^ON, ill ChemiPy. 

^ I* Of Ciirlon* 

This fubllancc abounds largely in all vegetabk and animal 
bodies, as well as in ihe mineral kingdom, yet it is ot vtry 
rare occurrence in ii date of abfolute^purity. When uncom- 
bined with any foreign matter, it is tranfparent, ccdmirlefs, 
intenfely hard, and cryftallized ; and, both on accoutit of its 
beauty and value, is placed at the head of the gems under its 
conimerciril and mineivtlogicai name Diamond. 

Diamond was formerly fuppofed to be incombuftMe, and 
the firft hint at its ical nature was given by Newton. This 
philofopher having obferved that inflaminahlc boefios jpoffefs, 
in propoition to their denfity, a greater power of refrafting 
the rays of light than any other fubfbnces, was induced to 
rank the diamond among them, on account of the emi- 
nent degree in which it pofleffed this property. I'his 
conjcAurc was verified, in 1691, by the members of the 
Academy del Cimento at Florence, who coiifiiincd fcveral 
diamondi^ by placing them in the focus of a lens. Francis I. 
emperor of Germany, afterwards wicnedVd ihcCeftriictionof 
ftveral more by the heat of a fnrn-^icc. Tticfc experiments 
were repeated by Macquer, Roucllc, Darcct, and C;uht, 
who afeertained, that by the concurring aftion of air and 
heat, diamond was not only evaporated, but adtindly burnt 
with flame ; they alfo proved that when the air was excluded 
the higheit heat of a furnace produced little or no elTeCl on 
this fubflance. 

In 1772, an experiment was made by Lavoifur, which 
may be confidered as the firll attempt to effert a chemical 
analyfis of diamond. He burnt a fevi- grains of this fub- 
ftance in a jar of common air, confined over mercury, by 
means of a very powerful lens, and found that the pure part 


of the air had difappcarcJ, as well as a conlidcrdble proportion 
of the diamond, and that the rciidiial air aboundid with 
carbonic acid : lepeating the fame procefs only with the fiib- 
llmition of an equal weight of highly burnt charcoal, he 
found precifely analogous efTcflsto take place, and therefore 
concluded that diamond and charcoal in tlicir chemical cf- 
fence were very fimihr to each other. In lySj, M. Mor- 
veau difeovered that diamond, when dropp'-d into melted 
nitre, burns like chaivoal, and without Icavi.tg any refidunrn. 
This faft fuggeded to Mr. Tennant a method cf analtfing 
diamond, which wa.s tfri.ded with complete fuccefs Into a 
gold tube, ciofed at one end, and Ui.runatmg at the other in 
a curved glafs tube, were put a qnaiicr of an ounce of nitre 
and 2^ grains of diamonds ; the tube was tlu-n kept at a full 
red heat for an hour and a half, and when its contents were 
afterwards examined, the diauoiuls were foimj to liave en- 
tirely difappeared, and the nitre chiinged into fub-car- 
boiiat of potalh ; to a foliition of this fait nninat of lime was 
added, and thus the carbonic acid was tiansferred to the 
lime : from this carbonat of lime the carbonic acid was ex- 
pelled by means of the muriatic acid, and was found to 
amount to 9.0,3 grains* Hence 27.6 parts of diamond and 
72.4 of oxygen conltitutc ico of carbonic acid. But, ac- 
cording to Lavoifier, 28 parts of charcoal, and 72 of oxygen 
conlUtute loo of carbonic acid; therefore diamond and 
pure charcoal may be confidered as chemically the fame. 

Morveau has fince endeavoured to invaliclate the experi*^ 
mentof Mr.Tcunant, and to (hew that diamond is pure carbon 
and that charcoal is an oxyd of carbon, but his experiment 
is fo manifeftly incorrect as to merit no fort of conKdence. 

A further proof of the analogy between charcoal and dia- 
mond k furni(hed by an ingenious experiment of Clouet’s, in 

which 
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Wfiich fome j)«re bar iron being expofed to a high heat, in 
contadi with diamond^ this latter fubilance was found to have 
difappeared, and the iron to be converted into fteel. 

But though diamond is the pureft form of carbon, yet its 
high value, its hardnefs, and drnfity, forbid it to be ufed in 
ordinary chemical experiments ; all the fucceeding fadls, 
therefore, relate to that lefs pure kind of carbon which is ob- 
tained by cxpofing common Cj»arcoal, or, Hill belter, 
lamp-black, to a high heat in clofe vcflels. 

Carbon, or prepared charcoal, is an excellent condiid^or of 
galvanifm and elcdlricity, but tranfmits caloric with very 
great difficulty ; a fliort piece may be held by one end while 
it is heated red at the other, without conveying any notable 
warmth to the hand. 

It is infoliible in water, and even the combined adlion of 
air and water produces hardly any perceptible efFed upon it ; 
hence it is that ftakes of wood that are charred on the ont- 
fide will lad much longer without rotting than the foundcll 
timber that has not undergone this preparation. 

Charcoal is not fufible by the greateil heat that can be 
applied : if expofed to a veiy high temperature in clofe vc/TcIs 
it lofes little or nothing of its weight, but flirinks in fizc, 
and becomes proportionably more compad, denfe, and 
foiiorous, and acquires a deep velvet black colour. But 
though charcoal is unalterable by mere heat, yet when 
heated red in the open air, it fpeedily undergoes combuflion, 
and is converted into Carbonic Acid; pure oxygen gas 
produces, as might be expelled, a much more powerful eflfcCl 
on this fubftance than atmofpheric air does ; a piece of char- 
coal barely heated at one end to rednefs and plunged into 
this gas, immediately bums with an intenfely white glow, and 
is rapidly changed into carbonic acid. 

Water, although it is, as we have already mentioned, in- 
capable of diffolving carbon, is yet very obitinatcly retained 
by it, partly on account of its parous ttxture, and in part 
robably on account of a ilrong mutual affinity fubfifUng 
etween them. When, however, charcoal is red hot, or 
nearly fo, it decompofes any wattr with which it may happen 
to be in contaft, and unites with both the elements of this 
fubftance ; producing with the oxygenous bafe, according 
as this is added to faturation or not, carbonic acid and car. 
bonous oxyd ; and with the hydrogenous bafe forming a 
heavy in flammable air, called carburetted hydrogen or hydro- 
carhonat. 

Newly prepared charcoal is capable of 'abforbing various 
gaffes, with remarkable f.icdity, and in confiderable propor- 
tions. This fad had betn obferved by Fontana, Lamethe* 
n'e, Pricftlcy, Schecle, ai.d Morveau, but the firli important 
feries of experiments on this fubjccl was publiftied by Mo- 
rozzo, fince which time Mtffre. Kouppe and Van Noorden 
of Rotterdam have made a confukn.ble and very valuable 
addition of fads on this curious fuhjcd. The charcoal for 
the experiment being highly ignited in an open fire, to expel 
ail the moifture and gafeous fubftanccs which it may con- 
tain, is quickly removed, and cxthiguiftcd by being plunged 
under mercury, or inclofed in an air-tight rr.ttallic bux; 
when quite cool it produces the following effed on the. va- 
rious gaffes. 

One part of charcoal is capable of abforbing three times 
its bulk of atmofpheric air in four or five hours ; of oxygen 

S at there is abforbed, at fir ft rapidly, and afterwards more 
owly, 3.8 times the bulk ox the charcoal. Azot and 
hydrogen are taken up inftantaueoufly, hot only in the pro- 
pinion of 1.6 of the former, and i.8 of the latter. Of 
nitmus gas 8,5 pans are very flowly, and of carbonic acid 
14.^ parts arc very rapidly abforbed. The gaffes thus taken 
up undergo no change except of form^ nor are the refiduea 
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at all altered, and tliey may be all again feparated from the 
charcoal by diftillation, at the temperature of boiling water. 
If charcoal faturated with hydrogen in the way deferibed is 
introJuci d into oxygen gas, or ev«.Mi into atmofpheric air, a 
confiderable abforption of the oxygen takes place, and 
combines with the hydrr»gen, forming water, and at the fame 
time the temperature lifts to about jo:)® Fahr. The refnlt 
is the fame if the experiment is inverted, that is. if charcoal 
charged with oxygen is introduced into hydrogen gas. 
Charcoal fatiiratcd with hydrogen is even capable of decoin - 
poling nitrous gas, the oxygen being abforbed and the a/ot 
alone remainirig in the claftic ftatc. Charcoal faturated with 
azot is alfo capable of decompofing atmofpherical air, by 
abftrading the oxygenous part, whicli is a remarkable 
proof how adverfe the gafeous ftate is to chemical com- 
bination. 

Carbon is capable of combining wnth fulphnr; the fub- 
ftance hence refulting is c.uled carburttted fulpliur, and al- 
moil all that is known as yet concerning it is due to the 
united inveftigations of Clement and Deforines, two French 
chemifts. It is thus pr; pared. Fill an Ccirthcnwarc tube 
with fmall pieces and powder of newly hurnl charcoal, fix it 
in a flanting direction in a furnace, and lute to the lower end 
a glafs tube, dipping it into fomc water contained in a re- 
ceiver. Fdflen a glafs tube alfo to the upper extremity of 
the earthen pipe, and fill it with fhort cylindrical pieces of 
fulphur, and lit a cork to the open end of the glafs tube 
with a moveable wire pafiing through its centre, by wliich 
the pieces of fulphur may be pulhed at plcafure tow'ards the 
earthen pipe. The apparatus being completed, heat the 
pipe very gradually, and asfoon as the gas cafually contained 
in the charcoal is driven out, caufe the fulphur, by means of 
the wire, to* approach the heated part of the apparatus. 
Allow it to remain at fneh a diflauce that it may melt a.s 
flowly as poffiblc, and run down among the charcoal ; and if 
tbefe precautions aie duly obferved, a yellowifh oily liquor will 
foon be perceived in the terminating glafs tube, which will 
drop into the wattr of the receiver, and colledl at the bottom 
of the veflel, without at all uniting with the fiiptmatant 
fluid. The carburet of fulphur thus obtaiiud is a tranfpa- 
rer.t liquid, colourlefs when pure, but generally of a yellow- 
ifh gicen tinge, and of a difagreeable flightly pungent odour, 
differing, entirely, however, from iliat o, fulphuretted hydro- 
gen. The fpecific gravity of carburttted fulphur is about 
1.3. It evapuratts In the air with ncaily the lame rapidity 
as ether, and, like this fluid, finks the thciniometer duriiig 
the procefs in a remarkable degree. It it is put into aii air- 
pump, and the atmolpherical prtfliiie be reduced to about 
nine inches of meicury, the caiburctted fulphur begins to 
aflume the form of a gas ; but upon reftoring the common 
prcffiirc, this gas will immediately again refumc its liquid 
ftate. It takes fire upon the application of a flame, and 
burns like alcohol, giving out at the fame limea fulphurtous 
odour, and cUpofiting both fulphur and carbon. When kept 
for fome time in a vial with atmofpheric or azotic gaffes, it 
is diffolved by them in final! proportion, and renders them 
inflaxpmable. It combines with nitrous ga», and the mixture 
burns like zinc. When diffolved in oxygen gas, the refult 
is au air that explodes with fuch prodikious violence as to 
rendei it dangcioiis to fet fire to even a Uw ounce meafurca 
at the fame time. In the Hate of vapour it combines flowly 
with thecanftic fixed alkalib, foiining with them deep axnber- 
coloured fulutions. By alcohol it is r duced to a loft pafty 
conftftencc. It diffolves very eafily tn cold olive oil, or in 
eth^rr, depoflts a little charcoal, and then ailumes a crydaUiiie 
form. 

Carbon is find by Froufi to be capable of uniting wdtb 
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phofplionis, but this, from fubfequent experiments, appears 
to be a mittake. 

Two of t!ie metals are known to unite with charcoal ; 
wheal combined with Iron the produ£t is called Heel ; and 
witli CoppLR ft forms a peculiar fubftanre, firli noticed by 
I)r* PrieiUey, and named by him charc«)al of copper. 

The actu.ii of the alkalies upon charcoal has hern but 
little examined into ; it is certain, however, that cauftic pot- 
afh, by long digtiUon with tliis fubilanct, becomes coluurid 
and partly carbonated. 

*rhe undecompofable acids appear to have no aAion on 
charcoal, hut the decornpofablc ones aic deprived by it of 
their oxygen, either entirely or in part, and the charcoal 
is changed into cavboi ic acid ; thus pbofphoric acid and 
charcoal yield, by ignith n, phofphorus and eaibonic acid ; 
fulphu’.ic acid and charcoal yield fulphur, fuluhureons acid, 
and caiboiiic acid. If highly dried and finely pulvcriftd 
charcoal is poured into recently prepared oxymuriatic acid 
gas ; foon as the two fubffanccs come into contact the 
charcoal becomes red hot, and fails to the bottom of the 
vdfcl, like a (liower of fire. 

The neutral and earthy falts with decornpofablc acids arc 
remarkably clinuged at a rtd heat by charcoal : the others 
fufftr no percept ihlc alteraiion. Thus the fiilphats arc 
ccnvvittd into fulpluncts, the nitrats become carbonate, 
while the muriats and fluats remain unchanged. 

The metallic falts arc all of them dtcompofcd by charcoal 
at a greater or lefs degree of lieat, in conftquencc of the de- 
oxygenation of their bafes, independently of the a£^ioii of 
thi'i i’wbllance on their acids. 

Tlie tffeds of charcoal in clarification arc both curious 
and important. They were firll noticed by M. Lovvitz of 
Ptterfliurg, and have for the moft part been amply confirmed 
by fucceeding obfirvers although the precife caufe of thefe 
remarkable changes has n(;t been fatisfadlorily afeertained. 
All that is cirential for tins purpofc is, that the charcoal 
fhould be in fine powder and very dry ; hence the tinly pre- 
paration requifite is to pulverize fomc well bttfut common 
charcoal, and then htat tt in a covered crucible to t glowing 
red, till it ceafts to give out an inflammable vapfwir4 If it is 
not employed immediately, it ciight to be kept tn « ground 
ftoppered glafs bottle, and may then be preferved uttimpaired 
for any length of time. ^ be effedts of this prfpj^ed char- 
coal arc ve!7 llriking. Being mixed with coranjiin vinegar, 
or any kind of wine, a thick froth rifes to the forface, and 
the liquors, after tiltration, a»-c found to be as limpid as water. 
The filthicll and moft putrid ditch-water is in like manner 
rendered perfedlly clear, inodorous and iiifipid ; and rancid 
oils arc alfo deprived of their fmell and tafte by repeated fil- 
tration through this prepared charcoal. Hence alfo its pe- 
culiar efficacy as a deiitrificc ; it is fufficiently bard to re- 
move the concretions from the teeth without injuring the 
enamel, while it neutralizes and entirely deftroys for a time 
any factor which may aiife from a carious tooth. 

4 2. Of carhonous osyd, cr g^i/ffous *>xyd of carbon. 

Dr. Prieftfey was the firll perion who eileaually called 
attention of chemifts to this fubftance ; but for a coijea 
acquaintance uitli its nature and properties wc arc indebted 
to Mr. Cruickihank. It had always been objected by Dr. 
Prieftlcy* agaiuli Lavoilici^ hypotliefis of the coiifliUition 
of fixed air, that when charcoal, howevt r dry, was diftillcd 
with fcalcs of iron, or the red oxyd of mercury, the pnidua 
was not only carbonic acid, but a large quantity of a heavy, 
riflammable air, rcfrmbliug, in many refpeas, 
hydrogen, ...d Inppofed by Dr. PriclUey to be .ana ly thi, 
rery g*** oiow e.rburetted hydrogen coiilitt* of lijdrogei|, 
holdiTg carbon in foliition ; and if it were really produced 


by the mutual a^ion of carbon and a metallic oxyd, could 
only be accounted for upon the Lavoiferian theory by the 
cafual prefcncc of fomc water. But the gas is produced in 
fuch great abundance, even when the materials have fepa- 
rately been fii ft expoftd tn a very high heat to drive off 
cvciy atom of water, that this hypothehs is iintetialle ; it is, 
therefore, an obligation of no trifling kind that the modern 
cliemical theory is under to Mr. Criiickfhank, for having 
(hewn that this gas, though inflammable, does not ncceffarily 
contain any hydrogtn whatever, but has only a limpic coir- 
buftible bufe, namely, carbon, and diffei'S from carbonic acid 
merely by its frnallcr proportion c;f oxygtii. Hence, it is 
properly called an oxyd carbon, and hears the fame ana- 
logy to carbonic acid as the nitrons oxyd docs to the nitric 
atid. The CKperiments of Mr. Cruickfliank have been re- 
peated w’th much apparent accun'cy hy Miffrs. Clement 
and Defonres, and the refult.s obtained by them corrtfpond 
very nearly with tliofe of the former cliemiil. 

The gaffcous oxyd of carbon may l)c produced either by 
the partial oxygenation of carbon, or the partial deoxygena- 
tion of caibonic acid, or the folutiun of carbon in carbonic 
acid, on each of which methods wc ih::)! proceed to fay a 
few word.i. 

'I'he original experiment by Dr. PiitflVy ia the following. 
Equal parts of fcalcs of iron and charcoal (each having prt- 
vioufly been ignited in feparate vificb), v\ere pnt into a 
glazed earthen ritoit and lirongly heated. In a Ihort time 
a prodigious quantity (vf air came over, which, on examina- 
tion, was found to confill of one tenth caibonic acid, and the 
remainder was “an influnmablc air of a very remarkable 
“ kind, being quite as heavy as common air. The reafou 
“ of this,’^ Dr. IVicfthy add**, “ was vtry apparent, when 

it was decompofed bjj dephlogifticatcd air, for the greattr 
“ part of it was fixed air.’* The above two important pro- 
perties, nameljr, the weight of this gas and its almoll total 
convertibility into carbonic acid by oxygen, are fully con- 
firmed by fubfequent experiments. 

Mr. Cruickihaik, in repeating this experiment of Dr, 
PriclUey, found, that as foon as the retort was red, abund- 
ance of gas came over, whicli, being c xamined at different 
periods, was found, in the beginning of the procefs, to be 
compofird of one part of carbonic acid and four of carboMous 
oxyd, with a fmalt admixture of carburetted hydrogen ( after 
this, to the ewd of the procefs, the proportion of carbonoua 
oxyd gradually increaftd to about fix-fevenths of the whole. 
Two ounces of the materials afforded many gallons of the 
gas. 

The fublimcd oxyd of zinc was next fubftituted to the 
iron fcales, and diftillcd in the fame manner with charcoal. 
Even before the retort became red much gas was given out, 
aitd, on increaring the heat, it came over in torrents It con- 
tained a much fmaller proport i(»n of carbonic acid than tlie 
formtr, and, towards the end, coiififtcd of pure oxyd of 
earbun. Pait of the zinc was found, in the metallic ftate, 
fublimed into, the neck of the retort. In like manner li- 
tharge, the grey oxyd of manganefe, and the red oxyd of 
copper, produced with charcoal, firll, a mixture of carbonic 
acid wuui carhonous oxyd, and, at laft, the iitflainmablc 
gas in a ftate of purity. 

The dill illation of charcoal and the fublimed oxyd of zinc 
was repeated by Clement aud Deformes, with particular at- 
tention to the quantity of produdla from a given weight of 
materials. The charcoal and zinc were firft heated fepa- 
rately,, and examined. Common charcoal, when heated 
ftrongiy, gave a eoufiderable quantity of inflammable gas, 
and about ^th of its weight of 'water. After an hour no- 
thing further came over ; Ib thati to enfure purity of 
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the charcoal, it Should be ufed hot from the crucible or 
oth^r veffel in which it has been cxpofed to a full red heat 
for half an hour. The oxyd of zinc gave out nothing at all 
by being heated per fs ; fq that it may at any time be con- 
fidered as pure, when prcvioufly free from accidental moif- 
ture. 

It was foundi by experiment, that 14.36 parts of zinc in- 
creafed, by calcination, to 1 7.48 of white fublimed oxyd ; 
and hence it is inferred that joo parts of white oxyd con- 
fill of 8i.i 5 metal, and 17.85 oxygen. Pure charcoal, pre- 
pared as above, was mixed, to the amount of 30 grammes, 
(46,3 grains) with an equal weight of oxyd of zinc, which 
were put into a coated glafs retort, communicating with lime- 
water, through which all the gafeoiis produdls paiied. When 
firll heated, a fmall portion of carbonic acid gas appeared, 
rendering the lime-water turbid \ but tliis foon ceafed, and 
the gas was purely inflammable. In five hours the produc- 
tion of gas had entirely terminated, and the total produdls of 
the operation were as follows : 

Grammes. 


Zinc fublimed in the retort 2 1 .82 

Charcoal remaining - 26.60 

Carbonic acid 0.07 

Nine litres (16.9 wine pints) of inflammable gas 10.35 

58.84 

Lofs J.16 


60.00 

In all the preceding experiments the carbonous oxyd was 
obtained by the partial deoxygenation of the metallic oxyds 
and the confequent oxygeriation of the carbon. In thofe 
which we arc about to relate, the fame gas was procured by 
inverting the procefs, that is^ by depriving carbonic acid of 
a portion of its oxygen. 

Dr. Pricdley, having obtained an inflammable gas, by 
heating together carbonat of barytes and magnetic oxyd of 
iron, Mr. Cruickfhank was induced to vary the experiment 
in the following manner. Equal parts of chalk (heated red 
hot previoufly for ten minutes), and of iron filings were 
mixed together, and heated in an earthen retoit, abundance 
of gas was given out, confiding pretty uniformly of one part 
carbonic acid and five of carbonous oxyd. 

An ounce of chalk previoufly heated red for ten minutes, 
was mixed with an equal weight of zinc filings, and heated 
gradually in a coated glafs retort. A little carbonic acid 
came over at fird, but mixed with oxyd of carbon ; and 
when the contents of the retort were thoroughly red, no- 
thing but the inflammable gas came over, and that in prodi- 
gious quantity. It was examined at different periods of the 
didillation, and proved to be wholly unmixed with carbonic 
acid. After the procefs, the retort being examined, there 
was found fome Uiblimed oxyd of zinc in its neck, below 
which was fome metallic zinc, and at the bottom was a mix- 
ture of oxyd of zinc, and partly cauiUc lime. Chalk, with 
tin filings, gave a fimilar rcfult. 

In thefe experiments, the carbonic acid was united to an 
earthy bafe before difttllation, and confequently was expofed 
to the deoxydating effed of the metallic filings in its naf- 
cent date, or, at the moment of its affuming the gafeous 
form, a date in which airs of all kinds are peculiarly Tufccp- 
tible of cbemical change. Mr. Cruickfhank found, however, 
that carbonic acid, even in the eladic date, was alfo fufeep- 
tible of being deoxydated by the fame means, though not 
quite fo eafily. For this purpofe, fome dry chalk was in- 


troduced into an iron retort, over which was rammed fome 
dry fand, and a ftratum of iron-filings over all. In this ar- 
rangement, the carbonic acid gas expelled from the chalk 
had to traverfe a dratum of fand three inches thick, before 
it could reach the iron-filings. The gafeous produds of 
the didillation were a quantity of undecompofed carbonic 
acid, together with a large proportion of the inflammable 

f as, and the iron-filings were taken out confiderably oxy- 
ated. The decomoofition of carbonic acid by metals 
does therefore take place, when the acid is in the gafeous 
form, but by no means fo perfedly as when in its nafeent 
date. A fimilar decompofition was alfo effeded by forcing 
the fame carbonic acid gas fucctflivcly backwrards and for- 
wards through an iron tube, the middle of which was full of 
iron. filings, and kept red hot by a fmall furnace placed be- 
neath it. A bladder was tied to each end of the tube to re- 
ceive the gas, and, by palling it twenty times fiowly through 
the tube, two thirds of it were converted into inflammable 
gas. 

It is obvious, that if to any bafe, already united with oxy- 
gen, we add a frefh portion of the bafe, it will have the fame 
relative efF«£^ as abltradling part of the oxygen ; and this 
offers another mode of prepanng carbonous oxyd, which has 
been fuccefsfully pradtifed by Mcflrs. Clement and Deformes. 
Pelletier had previoufly difeovered that though the native 
carbonat of barytes is fcarcely calcinable, per fe^ in any fire, 
yet it will readily part with its acid by cal,cination, if pre- 
vioufly ground to fine powder, and mixed with a little char- 
coal. Tiie chemifls above-mentioned, on repeating this ex- 
periment with three parts of carbonated barytes and one of 
charcoal, obtained a large quantity of gas, compofed of 
about ^ carbonous oxyd, and ^ carbonic acid, and the baty- 
tes remaining in the retort was found to be quite cauftic. 
Here, therefore, it is to be fuppofed, that the carbonic acid 
is fuperfaturated with its own bafe, and thus rendered much 
more volatile than before. 

A more diredf combination of carbon with carbonic add 
w^asalfo obtained by the twoafTocjatedchemiflsjiifl mentioned, 
wnth precifely the apparatus as that ufed by Mr. Cruick- 
fliank for pafling caibouic acid gas over red hot iron, ex- 
cept that the tube was filled with pulverized charcoal inllcad 
of iron -filings. Tlic firfl fenfible efFe£f produced on the 
gas w^^as a confiderablc dilatation, cxcluftve of the mere expan- 
aon bv heat, and arifing from the folution of a part of the 
heated charcoal in the gas as it pafled over. After each 
experiment, by far the greater pan of the carbonic acid w'as 
changed into the inflammable gafeous oxyd of carbon, the 
refidua! carbonic acid not amounting to more than from 
to y^th of the whole. Tlie remaining charcoed being takci\ 
out and weighed was found to be coididctably diminifhed ; 
but the proportional lofs was imiformly greater in tubes of 
iron, than of glafs or porcelain, doubilefs on account of part 
of the carbon being combined w ith the iron, and thus con- 
verting it internally into Heel. The compofition of the 
gafeous oxyd, into which the carbonic acid was changed, 
calculated /rum the amount of charcoal taken up by it in 
porcelain tubes, appears to be about <3 of oxygen, and 47 
of carbon. 

The properties of pure carbonous oxyd, prepared from 
chalk or carbonat of barytes, and filings of iron or zinc, are 
the following. It is lighter than atmofpheric air, in the pro- 
portion of 22 to 23. Hence, its fpecific gravity (that of 
water being 1000), will be 1.177, while that of atmofpheric 
air is 1.2308 ; hence, it materially diflers from carburetted 
hydrogen", the weight of whicn is not more than half 
that of common air. It fuddenly dcltroYs animal life. 
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It IS 10 no degree altered by being eleftriaed* per fe, 
for a confiderable length of time. It burns in the o^n iir 
with a quiet, blue flame. When previoufly mixed with 
common air and kindled, it does not explode but bums 
fl^ljr: when mixed with oxygen gas, and fired by the. 
dearie ^ark it explodes, but not very violently, and gives 
but a red flame. If a fmall jet, communicatinsr with a re- 
fewoip of this g»»i he fet fire to, and introduced into a large 
balloon receiver filled with oxygen gas, it is found to bum 
bnghtly for a time, and afterwards goes out. The gas re- 
maining in the receiver is not greatly diminiflied, and the in- 
A jj j -L u f Ibmewhat damp, is by no means 

ftudded with thofe vifible drops of liquid that charaAerize the 
com^aion of hydrogen. The refidual gas, on examination, 
will be found to confift of carbonic acid with fome uncom- 
bined oxygen. 

The relative proportions of carbonous oxyd and oxygen 
i^uifite to mutual faturation, and the confequent produc- 
tion of carbonic acid, are the means of afeertaining the exad 
conflituent parts of this inflammable gas. When 20 mea- 
fures of pure gafeous oxyd are mixed with eight meafures 
•f oxygen and exploded, the whole is reduced to i8 or ig 
meafures, and is entirely abforbable by lime-water : it is 
therefore, carbonic acid. The weight alfo of this’ latter 
produft is found to correfpond, as nearly as can be exprCled 
in experiments of this kind, with the fum of the weight of 
its two ingredients before mixture. One hundred cubic 
inches of carbonous oxyd with 40 inches of oxygen produce 
91 cubic inches of carbonic acid, and the weight of the firft 
may be eftipiatedat 30 grains, of the fecond at 13.6, and of 
the third at 43.Z ; the fum of the two firfl differing from 
the third only by 0.4 of a grain. 

Hence it may be inferred, that too parts, by meafure, of 
gafeous oxyd of carbon, require for faturation 40 meafures 
of oxygen gas, and produce, by combufiion, about 92 meafures 
of carbonic acid gas ; or, by weight, that too grains of car. 
bonous oxyd require about 45,5 grains of ogeygen, and are 
converted into 144 grains of carbonic acid, l.c grain being 
allowed for water and cafual impurities. Now carbonic 
acid has been found by Lavoifier and other c^nfllls to con- 
till of 28 parts, by weight of carbon, and 72 oxygen ; 
eonfequently 144 grains of carbonic acid (the.produCl of 
the full oxygenation of loo grains of the inflammable gas), 
contain 40.32 grains of carbon ; therefore the remainder of 
the 100 grains of the oxyd, i. e. 59.68 grains, muft be 
oxygen. Hence, carbonous oxyd may be tinted as com- 
pofed of 

40.32 carbon 

59.08 oxygen 


orcvbonous oxyd, obtained from the decompoCtion of the 
earthy carbonate bv metallic fubftances in its pureft poflible 
Hate, unmixed wth any hydrogen, are compofed of about 
4r of carbon and 59 of oxygen. 

A true combufiion of the gafeous oxyd of carbon takes 
place when it is mixed with oxymuriatic acid gas. If the 
latter be recently made and added to carbonous oxyd m 
due proportion, the whole mixture is converted into carbonic 
acid and fimple munatic acid ; the carbonous oxyd liavine 
been fully oxygenated by the cxcefs of oxygen in the oxy- 
munatic acid. The proper proportions for the complete 
fiiccefs of this experiment are two meafures of carbonous 
oxya, and 2} meafures of oxymuriatic acid. A mixture, 
thus proportioned, being kept for 24 hours in a eround 
ftoppered vial, and, for further fecurity, inverted in mer- 
enry, when opened in water wiU undergo an inftaiitaneous 
abforption of about two-thirds, which is muriatic acid gas; 
the relidue, by agitation with lime-water, will be taken up. 
^*azot about which is a cafual mixture 

Oxyd of carbon, when heated with phofphonis, diflblves 
a portion, and then burns with a pale vcllowflaiiie. ITic phof- 

The of hydrogen on the carbonous oxyd is very 
ftnking. When equal parts of thefe gaffes are mixed to- 
gether and pafled through aglafs tube made red hot, a com- 
plete dccompofition takes place, the gafeous oxyd depofits 

Its charcoal on the infidc of the tube, which, being nearly 
melting, caufes it to adhere, and to foi m a brilliant, uniformp 
black cnpel ; while the oxygen of the gafeous oxyd by 
union wich the hydrogen forms water, which is condenftd 
at the further end of the tube. Some of the hydrogen 


paffes through apparently unaltered. 

The dccompofition of carbonic acid gas, by means of 
electricity, when in contad with mercury or any other eafily 
oxydablc metallic body, well illuftratcs the nature of car- 
bonous oxyd. Dr, Priellley was the firft who found a 
change to take place in carbonic acid gas by taking the 
dearie fpark in it repeatedly for a confiderable time. Out 
of many experiments, the following may be fekaed. In 
a fmall tube containing about ^yth of an ounce meafure of 
carbonic acid, and ftanding over mercury, the dearie fpark 
was taken for the fpacc of an hour } after which the whole 
tube was clouded by a pulverulent matter of a black colour 
in the unper part of the tube, but yellow at the bottom, 
like Sulphur, i his fubuance, on examination, proved to be 
oxyd of mercury. The air itfdf was a little enlarged, 
and about a filth part of it was rendered infoluble in 
water. 


j 00.00 

^)r, by another calculation, 144 grains of carbonic acid 
contain 72 percent., or 103.6S grains of oxygen ; but only 
45*33 g**aina of oxygen were added to the inflammable gas 
to produce this carbonic acid, and, eonfequently, the dif- 
ference between 103.68 and 45.33, or 58.35 grains of 
oxygen were already contained in the gas, leaving 42.65 
grains, to complete the loo grains of- this gas, for carbon : 
hence, according to ikis calculation, carbooout oxyd c.oar 

41.65 carbon 
58.35 oxygen 

100.00 

We may, therfore, reckon on.an average, that 100 graina 


The elegant experiments of Th. dc Sauflurc have thrown 
much light on this fubjea. Ekaric fparks were taken for 
18 hours in a glafs tube containing 13 cubic inches of dry 
and pure carbonic acid gas and confined by mercury. After 
eiearization much black oxyd of mercury was dWcovered • 
a very flight dilatation amounting to no more than of a 
cubic inch was obferved. On throwing up forac cauftic 
alkali no more than one cubic inch was abforbed, which was 
therefore carbonic acid ; the next was very pure oxyd of 
caihon, for where 100 parts of it were burnt with about a: 
third of oxygen gas no water was perceived, the produ£t' 
being merely carbonic acid. 

Carbonic acid has alfo been decompofed by the fame in- 

r ious chemift by hydrogen, by aid of the elcaric fpark.. 

ai long ^lafs tube were mixed together 3^ meafures of 
pure carbonic acid with equal quantity of hydrogen, and 
the whole was clcarixed for twelve hours. A condeDfation 



432 


CARBON 


to:)k pbcc, ''onfiderablf at firH, but very tiifling towards the 
conclulion of the proicfs, A number of fine drops of water 
were dcpofittd on the upper part of the tube, and the ga- 
frous mixture was rcdncrtl in bulk from 7*J mcafures to 4J, 
of which one was iiruircompofrd carbonic acid, and tliC re- 
maining were carbomuis oxyd, containing a fmall admix- 
ture of hydrogen. In the above experiment the hydrogen 
appears to unite with part of the oxygen of the carbonic 
acid, to form the w^ater, which is condenfed, while the car- 
bonic acid, by lofing oxygen, pafics to the ftatcof carbonous 
oxyd. 

A fimllar dccompofition of carbonic acid by hydrogen 
alfo takes place when the mixed gaffes are pafled through a 
red hot porcelain tube, and the gafeous oxyd is pro- 
duced. 

§ .9. Of h'Vffrocnrhouat^ or enrburetted hydrogen. 

In the former feftion w'e have treated of the combination 
of caibon with a Icfs portion of oxygen than is required for 
its acidification ; in the pr.^fcnt feftion we fhall examine the 
plicnoni'^na attending the combination of carbon with hydro- 
gen. Carburelted hydrogen, otherwife called heavy mjlam* 
miibk ah\ is an inflammable gas confiderahly heavier than 
hydrogen, but lighter than carbofious oxyd, or common air : 
it docs not render lime-water turbid, when agitated with it, 
and by combullion with oxygen is totally rcfolvable into 
carbonic acid and water. 

Before it was fufpc^led that carbon could cxift in any 
other ilate of oxygenation than carbonic acid, it might be 
inferred, mth tolerable though not abfolutc certainty, that 
when any gas had been purified from carbonic acid by 
means of alkali or lime-water, if it furnifhed a frefh portion 
of this acid after combudion with oxygen, the carbonaceous 
ingredient cxided in the date of pure carbon or charcoal. 
Therefore, as the only pn)du£ls of carburetted hydrogen, 
when burnt wnth oxygen, are carbonic acid and water, 
chemids generally fatisfied themfelvcs with edimating the 
quantity of carbon contained in the gas, by taking about 28 
per cent, of the carbonic acid produced, and fet down the 
entire remainder as hydro^^en. For example, if 100 cubic 
inches of any gas, weighing 15 grains, were totally refolv- 
able into carbonic acid and water, by combndion with 
oxygen ; and if, by the combudion, 54 inches of carbonic 
acid, weighing 25 grains, were produced, the quantity of 
carbon onginuly contained in the gas would be reckoned to 
he (even grains, (being 28 per cent, of the weight of the 
carbonic acid.) and the difference between 7 and 15, or 
eight grains w*ould be confidered as the weight of the hy- 
drogen ; or, in other wo:d8, the gas would be called a car- 
buretted hydrogen, confiding of hydrogen holding carbon 
in folution, in the proportion of eight, by weight, to feven 
of the latter. 

But, it is obvious, that this mode of edimating mud be 
totally erroneous in the cafe (probably very frequent), of a 
mixture of gafeous oxyd of carbon and hydrogen gas ; 
and hence no approach to analyfis can be obtained without 
afeertaining both the water and carbonic acid produced, and 
even then various caufes of uncertainty will occur. 

So that it is podiblc, and by no means improbable, that 
there may exift three fpecies of gaffes, all of which have a 
claim to the title of hydrocarbonat, or carburetted hydrogen, 
namely, id. hydrogen, (imply holding carbon^in folution, 
or what correfponds with the original idea of a bydrocar- 
bonate ; ad. hydrogen mixed with gafeous oxyd of carbon ; 
jd. a mixture of the two fdirmer ^ecles, or hydrogen and 

f afeout oxyd of carbon with an excefs of carbon held in 
dution by one or both ol tliele gafles. 

Carburetted byrogen is obtain^ in a great variety of ways, 


and with very confidcr,»ble differences in fpecific gravity 
and the proportion of ingredients. It is found native on 
the furface of ftagnant wateis, marfhes, wet ditches, S^c. 
tlirough which, if examined clofely, large bubbles wall be 
feen to rife in hot weather, and may be incrcafcdat plcalurc 
by flirring up the bottom with a flick. In clofc, ftill even- 
ings, if a candle be held over ih.* fuifaec, flaPacs of a blue 
lambent flame may be perceived Iptcading to a coufiderablc 
diilance. All that is not fabulous in the fatuus is pro- 
bably derived from this fource. I’his fpecu > may be trnned, 
for aiiliii6lion, the carburetted hydrogen of marflu : in the 
purcll form in which it can be collcAed it is ufuaDy tinxed 
with about 20 per cent, of azot. 

This gas is alfo given given out very abundantly by almoft 
every vegetable fubllancc that is expofed to a dry heat fuf- 
ficient for its dccornpofition. When heated in clofc vcflels 
much more hydrocarbonat is obtained than by combuibiot> 
in the open air, the produft in this latter cafe containing 
more carbonic acid. Jt would be endlcfs to eniunerate .the 
vegetable fources of this gas, but we fhall mention fome of 
the mod convenient modes of obtaining it in a flate tsf 
purity . 

One of the commoneft methods employed is the deftruftive 
didillatiou of the acetous falts. For this purpofe, let a fmall 
proportion of dry acetite of potafh be heated in a glafs re- 
tort. The fait fuon melts in its water of crydallizatiuD, 
puffs up, and, if the retort is too fmall, is very apt to come 
over into the neck. The fird produfts arc water and the 
air of the vcflels ; but, when the acetous acid begins to be 
fcorched, a large dream of gas begins, and continues till the 
whole is red hot, and little clfe remains in the retort but 
carbonated alkali and a little charcoal. Along with the 
gas there artfes much oil, w'hich is condenfed in the cool 
receiver. The gas, according to the analyfis of it bv Dr. 
Higgins, after the fird portions have paffed over, connds of 
nothing but hydrocarbiinat and carbonic acid, which lad 
may be feparated by lime-water. The hydrocarbonat itfelf 
varies conliderably. The lird part is much heavier than the 
lad, (though dill lighter than common air,) and spears to 
hold in folution part of the oil ; for, on ilanding fome time 
over water, it becomes lighter, and is found to require left 
oxygen for faturation than before. The average fpecific 
gravity of the fird and lad gas mixed is to that c? commoit 
air as two to three. 

Carburetted hydrogen is obtained in great purity by 
fending the vapour of imflammablc vegetable matter through 
an earthen or glafs tube pafling through a furnace, and 
kept red hot in the middle. The vapour of camphor, ether, 
alcohol, and other inflamtnables thus treated, is converted 
into this gas, but with much diflerence in quantity, accord- 
ing to the degree of heat and othe^ circumdances. 

Another me thod of obtaining carl^urettcd hydrogen, is to 
put coal, wood, peat, &c. into ai^y convenient vcffel, an 
earthen or iron retort for example, and heat it flowly to 
rednefs. 

Mod animal inflammable fubdances, fuch as filk, fat, wax, 
and the like, yield this gas as freely as vegetable matter, by 
a fimilar treatment. This was difeovered by Bcrthollet> in 
his maderly rcfearcbes on the nature of animal matter aisd 
ammonia. 

Carburetted hydrogen (or at lead a gas that gives water 
and carbonic acid by combudion with oxygen), is alfo gene- 
rated in abundance, when charcoal, without previous dryings 
is heated per fe in clofc vcfTels, and continues to be given m 
till the charcoal has been in a ftate of full ignition for about 
an hour ; after which it ccafes, and the charcoal, as already 
mcotioocdi is rendered pure. A fimilar proceft of Gaining 
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this gasy is to inclofc powdered charcoal in a tube pafling 
through a furnace, to confine the charcoal by a pellet of 
clay loofely fixed at each extremity of the tube, and in that 
fituation to fend through it the vapour of water kept boil- 
ing in a fmall retort attached to one end of the tube. Much 
carbonic acid gas is generated this way, and, when this is 
feparated by lime-water, the refiduc is inflammable. 

Ltallly, this gas may be procured by the diredi union of 
its conftituent parts. If hydrogen gas is paiFcd feven or 
eight times focctffivcly through an iron tube containing 
charcoal, and heated red hot, a diminution of bulk takes 
place, the hydrogen diflolvcs a portion of the charcoal, and 
then aflitmes the properties of caiburctted hydrogen. 

A curious variety of hydrocarbonous gas, was difeovered 
by the aflbeiated Dutch chemiits (Van Ditman, Trooftwyck, 
and others) which is procured from ether or alcohol, and has 
the remarkable property of generating an oil when mixed 
with oxymuriatic acid gas. Hence it has been termed oily 
carhuretted hydrogen^ or olejiant gas. The mode of preparing 
this fingular gas, and the enumeration of its diflinguifliing 
properties, will form the fnbjedl of the next feAion ; it 
may, however, be obferved here, that according to Mr. W. 
Henryks experiments, the olefiant gas appears alfo to be 
contained in part in the hydrocarbonat from coal, wax, and 
fomc other lubftanccs, and greatly to contribute to the 
quantity of light and heat which thefe gaffes give out as 
well as to their large proportion of carbonic acio. 

Carburetted hydrogen is fingularly affe£led by the eleAric 
fpark. Dr. Auttin found, that on taking the elcdric fpark 
repeatedly through this gas, obtained from acetite of potafh, 
the bulk of the gas enlarged after every (hock, and at length 
expanded to nearly twice its original dimenfions. When 
examined after this expanfion, it was found to be as inflam- 
mable as before, and judging from the tefl of lime-water no 
carbonic acid appeared to nave been generated. Dr. A. 
concludes that the enlargement can only be owing to the 
produ£lion of a quantity of hydrogen, and maltes lome in- 
ferences which, however, have fincc been fbewii by Mr. W. 
Henry to be erroneous. Mr. H. demonftratts that there 
is no deilru 6 tion of carbon by this procefs, dace the fame 
quantity of carbonic acid is produced after as before elec- 
trization by the a 6 iion of oxygen gas. He like wife makes 
it appear probable, that the water held in Iblution by the 
as is the chief agent in its expanfion, fincip when the gas 
as been dned by cauftic alkali no contiinian<» of ele£triza- 
tion will enlarge it more than one fixth of its original bulk ; 
hut when the contact of water is admitted, Uie bulk is 
doubled by the fame treatment. Perhaps the difeovery of 
carbonous oxyd will explain this faff. It is not improbable 
that the carbon of the gas may unite 'with the oxygen of the 
water, a!)d thus produce the carbonous oxyd which would 
not give any precipitate with lime-water, and the bulk of 
the gas would be enlarged both by the carbotious oxyd and 
the hydrogen of the water, as well as by the expanfion 
wliich the hydrocarbonat would undergo after the carbon 
was feparated from it, wliiill the afiual quantity of carbon 
remaining the fame, as much carbonic acid would be fepa- 
rated by compleat oxygenation as before elcCtrizatioii. It 
18 not improbable that the affinities of hydrogen and carbon 
for oxygen arc fo nearly equal, that cither fubllanee is able 
tartially to decompofc the complete oxyd of the other. 
Thus we find, that when hjrdrogcn and canonic acid are 
together fubjeffed to eledricity, the carbonic acid is par- 
tially dccompofcd, and the produft is carbonous oxyd and 
water, and on the other hand, when water is decompofed 
by red hot charcoal, a part of the produd is alfo the carbo- 
mous oxyd* 


All the hydrocarbonats arc fatal to animal life \ not at 
appears fiom the mere abrcnccof oxygen, but from the pre* 
r;.ncc of fomethiug pofitively noxious: fince animals im* 
meifcd in it die fooncr than they would from the mere in* 
terruption of refpiration. 

Thi J gas is fcarccly if at all abforbed by water, but by 
long Handing over it depofits a part of its carbon. This, 
however, applies only to thofe hydrocarbonats that require 
ait leall their own bulk of oxygen to faturatc them, and cf- 
pfcially to that variety called olefiant gas. 

Simple carburetted hydrogen, when fet fire to, burns at 
the furface in contad with tlie air with a blue flame with 
red edges, but when mixed with any of the olefiant gas 
the flame becomes much more brilliant, rcfcmbling that of 
oil. When applied to the purpofes of illumination the hy- 
drocarbonat from coal, from lamp-oil, or from wax, pro* 
duces as much light in an Argand lamp as oil in fubftance 
does ; this appears to be owing to the olefiant gas which 
they contain. The brtghtnefs of the flame is much dimi- 
ni Ihed when thefe gaffes have been kept over water, and 
hence for illumination they fhould be uled as foon as pre^ 
pared. 

The combiiflion of hydrocarbonat is much more brilliant 
in oxygen ga4», and the produ6lt if a fufficieiit quantity of 
oxygen has been ufed, are merely water and caibonic 
acid. 

If any of the hydrocarbonats be mixed with oxygen gas 
and Bred in a dole veifel by the ele£tric fpaik, or in any 
other way, an cxplofion takes place more or Icfs v.ulent ac- 
cording to the quantity of carbon contained in the gas^ and 
the refult of the decompofition is carbonic acid, together 
with any unconfumed gas or excefs of oxygen, while the 
water is found condenfed in drops on the fides of the jar. 
A fingle cubic inch of the mixed airs is generally as much 
as can be conveniently managed at each cxplofion, and when 
any olefiant gas is prefent even this fmall quantity will en- 
danger very thick glai’s jars ; a very vivid red flame appears 
at the moment of explolion, and a great iiiflaiitaueous en- 
largement takes place, after which the bulk is fuddenly re- 
duced to much Icfs than its original quantity. When the 
carbonic acid is abforbed, if the gaffes have been properly 
proportioned, no gafeous refiduc is left except accidental im- 
purities. 

The oxymuriatic acid furni flies alfo a very ufcful method 
of decompofing and analyfing all the hydrocarbonats. Mr. 
Cruickfhank’s beautiful and accurate experiments on this fub- 
jc£t are highly inllructivc. The oxynuiriatic acid gas was 
procured from oxymuriat of potadi, by nv.ans of muriatic 
acid, and was ufed foon after being prepared, as it is in fomc 
degree altered by keeping. 

Pure hydrogen and oxymuriatic acid gas were frft tried \ 
one meafure ol the former with two of the latter mixed in a 
glafs vial with a ground Hopper, and inverted over water 
were fuffered to remain 24 hours. Tlie Hopper being then 
withdrawn, the water rufhed into the vial, abfoibing the 
whole of its gafeous contents, except about of the whole, 
which was azot, and doubtiefs a cafual impurity. 

The different hydrocarbonats were then tried. In a 
bottle filled with, and inverted over water, one meafure of 
well wafhed hydrocarbonat from camphor was mixed with 
two of oxymuriatic acid. A flight cloud and trifling ab- 
forption were perceived at the time of mixture, after which 
the Hopper was put in, and the whole was left at reft for 
24 hours. When opened under water all the gas was ab- 
forbed, except 0.43 of a meafure, and this was reduced by 
lime-water to 0.34. This yefidue was ftill inflammable, but 
burnt with a lambent blue flame hke carbonous oxyd ; and 
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this It was proved for the moft part to confift of» by the 
large quantity of carbonic acid which it yielded when fired 
with oxygen ; two parts of It with one of oxygen yielding no 
Icfs than 1.7 of carbonic acid. 

In the above experiment the mutual decompofition of the 
oxymuriatic acid and carburetted hydrogen, produces no 
lefs than four new compounds : namely^ common muriatic 
acid by the lofv of oxygen ; water by the onion of oxygen 
with hydrogen ; Carbonous oxyd by the partial oxygenation 
of fome of the carbon ; and carbonic acid by the compleat 
oxygenation of the remainder. 

Un increafing the quantity of oxymuriatic acid to about 
four times that of the carburetted hydrogeni the whole of 
the carbon was now found to be completely oxygenated, 
and every thing was abforb.'d by water or lime-water | the 
prodiids were therefore only muriatic and carbonic acids 
and water. 

Mr. Cruickihank found a very confiderable difference in 
the quantity of carbonic acid produced, and of courfe in the 
carbonaceous ingredient in the hydrocarbonats from cam- 
phor, ether, and alcohol, when they had been long kept 
over water or agitated with it. A umilar difference in the 
quantity of combuftible matter was obferved by Dr. 
Higgins, in the hydrocarbonat from acetite of potafh, which 
renders it highly probable that tbefe hydrocarbonats hold 
in folution lomewnat of an oily ethereal vapour, or a por- 
tion of true olefiant gas which water will abforb* This 
alfo, it probably is, which caufes the ffight.diminution which 
fome of the hydrocarbonats immediauly experience when 
mixed with oxymuriatic acid gas ; for with pure olefiant gas 
the diminution is great and immediate, as we (hall prcfently 
mention. When oxymuriatic acid gas and carburetted hy- 
drogen are mixed in the proportion of two of the former to 
one of the latter, and the mixture is exploded by the cleAric 
fpark, a copious depofition of charcoal takes place, but when 
oxymuriatic acid gas is ufed in a larger quantity, the whole 
of the carbon is converted into carbonic acid. This fepa- 
mtion of charcoal takes place only with the hydro- 
carbonats from camphor, ether, and alcohol, and even in 
thefe this property is loff by being kept fome time over 
water. 

Carburetted hydrogen is alfo readily decompofed by ful- 
phur ; the carbon being precipitated in form of a black 
powder, and the hydrogen uniting by preference with the 
lolphur forming hepatic gas. This may be moft conveni- 
ently efft€ted by making fulphur red hot in an earthen tube 
and then paifing the carburetted hydrogen through it. 

^ 4. O/T tMiani gas* 

The difeovery of this finguTar fpccics of carburetted hy- 
drogen is due to fome aflbeiated chemifts of Amfterdam, 
(Van Dieman, Van Trooftwyck, Bondt, and Lawrenburgh,) 
and originated in their examination of the different produds 
of the mftiilation of fulphuric acid and alcohol, in the pre- 
paration of ether. In the common procefs this gas appears 
towards the latter end of the diftillation accompanied by the 
ml of wneg but in order to procure it immediately, for the 
purpofe of experiment, nothing more is neceffary than to 
put into a proof bottle a little redified alcohol, and four 
times its weight of ff rung fulphuric acid ; much heat is given 
out on mixture ; the colour becomes firft brown, and then 
black, and on the application of a gentle heat the gas in 
queftion it produced in vaft abundance, and may be coUed- 
cd in jars inverted over water. The only foreign matters 
with which the gas is mixed are fnlphureous acid, and a 
Uttk ether, but thefe may be got rid of by walhing it with 
fome very dihite liquid ammonia, and then the olcnaot gas 
remains fmi* 


When thus prepared h exhibits the following properties 
Its fpecific gravity is to that of atmofpheric air, as 905 to 
1000. Its odour is very fetid. It burns with a denfe flame, 
like an oil or refin. It is not abforbed nor altered by water, 
nor is it affeded by any of the common reagent^, whether 

g ifles, alkalies, or acids, except the oxymuriatic acid gas. 

qual parts of thefe gaffes being mixed together, an imme- 
diate diminution of bulk takes place, a vifible vapour fills 
the veffel, much heat is given out fo as to be very fenfible 
even to the hand, and at the fame time a thick pearl-co^ 
loured oil appears in drops on the furfacc of the water, ovet 
which the mixture is made, and immediately finks to the 
bottom. 

It is fram this fingular produdion of denfe oil, with the 
oxymuriatic acid, that this fpecies of carburetted hydrogen 
has acquired the uame of ohjiant or oil making , When thefe 
twogafies are mixed in the proj)ortion of four of oxymuriatic 
acid to three of carburetted hydrogen, the whole is abforbed, 
except accidental impurities. 

The oil thus generated is heavier than water, wdiitifli, and 
femi'tranfparent. By keeping it becomes yellow and lim- 
pid ; its odour is highly fragrant and penetrating; its tafte 
IS fomewhat fweet. It is fparingly foluble in water, to 
which it communicates its peculiar odour. Cauftic potafh 
has no effed on the oil, but feparates the adhering muriatic 
acid and renders it more fragrant. 

The conftituent parts of olefiant gas appear to be only 
carbon and hydrogen, but it contains a larger proportion m 
the former than the common hydrocarbonats do. It is de- 
compofed by f^hur like the other hydrocarbonats. 

liie comDuftfon of this gas offers fome curious circum- 
ftances. When an Argand lamp is fupplied with it inftead 
of oil, the flame far exceeds every oil and hydrocarbonat in 
beauty and brilliance. When mixed with oxygen gas, and 
detonated by the eledric fpark, the explofion is much more 
violent than that of common carburetted hydrogen. Mr. 
Henry found that a ftrong glafs tube was fhattered with 
only 0.3 of a cubic inch of olefiant gas, and 0.1 ^ of oxygen ; 
but when the quantity of oxygen is confidcrably below that 
required, for the compleat faturation of this 'gas, only 
a very trifling explofion is produced. 

Another finguiar property of olefiant gas is the copious 
depofition of (marcoal, when it is mixed with a fmall quan- 
tity of oxygen or oxymuriatic acid gas and kindled* After 
the mixture of the olefiant and oxymuriatic acid gaffes, two 
or three minutes elapfe before the oil thus generated is en- 
tirely precipitated, but if this mixture is immediately fet fire 
to there is no produdion of oil ; but in its ftead fo copious 
a depofition of charcoal takes place, that the whole veffel is 
obfeured, as if it had been lined with lamp-black. 

A fimiiar depofition of carbon takes place when the ols- 
fiant gas is mixed with juft enough of oxygen to begin the 
combuftion. If two parts of the latter are mixed with 
of the former, and the mixture fet fire to by the eledne 
fpark, a copious depofition of carbon enfucs. 

The great excefs of carbon contained in olefiant gas is 
alfo manifeft from the large proportion of oxygen required 
for its faturation, amounting to 2.84 to one, eiUmating each 
by bulk. 

Olefiant gas has alfo been procured bv the Dutciv eke'* 
mifts, above named, not only from alcohol and i^lphuric 
acid, but by palling the vapour of alcohol qt ctbe;*. through 
a red hot earthen tube. In this cafe, however, the plefiant 
gas appears to be mixed with a little carbuvett^ hydrogen. 
It is remarkable, that if t glafs tube be tifsdiuAm of an 
earthen one, the gat is no bnger olefiant,, but only fimple 
carburetted hydrogen ^ but if the glafs tube is filled wVjtt 
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«ther alumine or Glex the fame effeft is produced as with the 
earthen tube ; on the other handy when lime cither pure or 
carbonated, or magnefia, were fubftituted to the two other 
earths, the gaa W'aa common carburetted hydrogen. 

The whole of this very intereft'ng part of chemiliry re- 
quires further examination, efpecially as far at regards the 
f^:rmation of <!arbonou8 oxyd. 

CarboN} in reference to Hujbandry and Gardening ^ a mat- 
ter obtained from different animal and vegetable fubllancce, by 
means of a (low and confined combuftion. This fubftance is 
charcoal in its pure (late ; tliat which is commonly met with 
containing a portion of incombuftible earth, and fomc faline 
matter in union with thecarhon. SeeCARBONandCHARCOAL. 

The autl'.or of tlic “ Philofophy of Ai;ricult'ire and Gar- 
dening/' remarks, that when animal and vegetable bodies 
are burnt without tl\e accefs of air, that is, where their vo- 
Jatile parts arc fublimed, there remains a greater qtiantity of 
charcoal, a much greater in vegetable bodies than in animal 
ones. This is termed carbon by the French fchool, w'hen 
it is quite pure, and is now known to be one of the mod 
univerfal materials of nature : and as vegetable bodies con- 
tain fo much of it in their own compulition, they may be 
fuppofed to abforb it entire where they grow vigoroufly, cf- 
peciully as it is a fimjde material : but they may poflibly 
form it alfo from water and air within their own vefftls, 
when tlicy are excluded from accefs to it externally. The 
whole atmofphcre contains always a quantity of it in the form 
of carbonic acid, or fixed air; as is known by the feum 
which preTcntly becomes vjfible on lime water when expofed 
to the air, and which confifts of a reunion of the lime'with 
the carbonic acid, which may therefore be faid ro encom- 
pafs the earth. The fimplicity of carbon as an elenientary 
I'nbdance was difputtcl by Dr. Auftin, who believed he* had 
decompounded it. But Mr. Henry, by accurately repeat* 
ing bis experiments, has fltown the fallacy or inconclufivc- 
ntfs of them, as may be feen in the Fiiilolaphical Tranfac- 
tions for 1797. And it is added that a further great 
refervoir of carbon exills in lime-ftone, in the form of carbo- 
nic acid ; which when the ilronger acid is poured on, the 
calcareous earth becomes a gas, acquiring iu necclTary ad- 
dition of heat from that which is given out in tht combina- 
tion of the ftronger acid with the lime. It alfo acquit es its 
ncccfTary heat wncii lime-ftone is hunit, from the coufuming 
fuel, riling in the form of gas, and is diflipated in the air ; 
and probably foon fettles on the earth as it Cools, as it is 
confidcrably heavier than the common atmofpltere. But the 
great (burce of carbon cxifts in the black earth which has 
been lately left by the decompodtion of vegetable and ani- 
mal bodies ; and is then in a ftatc fit to combine with azote 
or nitrogen, and with oxygen, when expofed to thofe tw^o 
gaffes, as they cxift iu the atmofphcrc, and is thus adapted 
cither to promote the generation of nitrous acid, or to form 
carbonic acid, and thus to aflift vegetation. MoralTes con- 
fift principally of the carbonic rccrcmfents of vegetable mat- 
ters, which arc gradually dccompofcd in great length of 
time into clay, with argillaceous fand, fuch as is found over 
coal beds, and fomc calcareous earth, as in marl, and laftly, 
with fomc iron and foffile coal. Thcfe by clutriation arc fc- 
parated from each other, and form the ftmta of coal coun- 
tries. In other places they remain intermixed, as they were 
probably produced from the decompofition of vegetables 
and terreftrial animals ; and form what in books of pra^ical 
agriculture is called a loamy foil, confifting of carbonic 
matter, fand, and clay, with a portion of iron. It has al- 
ways been obfenred, that this black garden mould, or with 
produced from the recrements of vegetables, is capable of 
ahforbing a much greater quantity of putrid effluvia than 


cither air or water, and probably of combining with iU am- 
monia, and producing a kind of hfpar carloms, and thus fa- 
cilitating vegetation. The praflicc of burying dead bodica 
fo few feet below the furfacc is a proof of this; as the pu- 
trid exhalations from the carcafe are retained, and do not 
penetrate to the furfacej. On the fame account, the air 
over new ploughed fields has long been eftceired falutary to 
invalids, or convalefcents, as it probably purifies the fupei- 
natant atmofpherc. But it w^as not till lately known that 
carbon, or charcoal, abforbs with fuch avidity all putrid ex- 
halations ; if it has been recently burnt, and has not been 
aheady faturated with them : infomuch that putrid flcfti is 
faid to be much fweetened by being covered a few inches 
W'ith the powder of charcoal, or even for being buried for a 
time ill black garden mould; as putt id exhalations confift 
chiefly of ammonia, hydrogen, and carbonic acid, and arc 
the immediate products of Oic diffolution of animal or vege- 
table bodies; they arc believed to contribute much to vege- 
tation, as whatever materials have conflitiited an organic 
body may again, after a certain degree of d frolution, form 
a part of another organic body. 'I he Itydrogcii and azote 
produce ammonia, which combining with carbon, may form 
an hepar carhoms^ and by ih js rendcriiig carbon foluble in 
wMter, may much contribute fo the gro’.^th of vegetables, it 
lia‘5 been faid, that fome moiaffes have prcv^rit^'d tlie animal 
bodies which have been boried in them f»om putrefaiflion ; 
which may in part liave betn owing to the great attraction of 
the carbon of the morals to putrid effluvia, und m part, per- 
haps, to the vitriolic acid which fomc nioiHlfes arc faid to 
contain in their conftiluiion/' 

“ Then here occurs," fays the author, •* an important quef- 
tion. By what other means is the folid carbon reiidertd 
fluid, fo as to be capable of entering the fine mouths of ve- 
getable abfnrbents? The carbon, which exifts in the almof- 
phere, and in lime-ftone, is united with oxygen, and thence 
becomes foluble or diffufible in water ; and may thus be ab- 
forbed by the living a 61 :ioii of vegetable velTcIs ; or may be 
again combined by chemical attradtion with the lime, which 
has been deprived of it by calcination. When mild calcare- 
ous earth, as lime-ftone. chalk, and marble, has been de- 
prived of its watet, and of its carbonic acid by calcination, 
it becomes lime. Afterwards, when it is cold, if water be 
fpunklcd over it, a conlidcrable degree of heat is inftantly 
perceived, which is preffed out by the combination of a part 
of the water with the lime ; as all bodies w'hcn they change 
fronri a fluid ftate to a folid one, give out the heat which be- 
fore kept them fluid. At the fame time, another part of the 
water which was added, is railed into (team by the great heat 
given out, as above mentioned, and the expanfion of this 
lleam breaks this hmc into fine powder, which otherwife re- 
tain® the form of the lumps of lime-ftone before calcination. 
But if too great a quantity of cold water be fuddenly added, 
no (team is raifed, and the lump of lime-ftone retains its 
form, whence it happens, that fomc kinds of lime fall into 
finer powder, and are faid to make better mortar, if flaked 
with boiling water, than with cold. On tliis account, the 
lime which is defigned to be fpread on land (hould previ- 
oufly be either laid in a heap, and either fuSered to be* 
come moift by the water of the atmofpherc, or flaked by a 
proper quantity of water : otherwife, if it be fpirad on wet 
ground, or when fo fpread is expofed to much rain, the heat 
generated will be diffipated without breaking the lumps of 
Sme into powder, which will then gradually harden agaki 
into lime-ftone, difappoint the expeftalions of the agricultor, 
and i^ift him with the lofs of much labour and expence, 
'l^en the powder of flaked lime, mixed with fand and wa- 
ter, is fpread on a wall, that part of the water which it not 
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necsITary for itt imperfeft crvllallizaiion, evaporate* into 
tLe air, and the lime tlien gradually attracts the carbonic 
acid, which i* diffufed in the ntmoiphere : but as he fup> 
pofrs this carbonic acid is dilTolved in the water, which is 
alfo diffufed in tht atmolplure, the lime is perpetually 
moilleiied by this new acquifition of water from the air, as 
that which before adhered to it, and had parted with its car- 
bonic acid, evaporates. On winch account, new built walls 
arc months, and even years in dryiiig, as they continue to 
attijft water along with the carbonic acid trora the air, 
which (lands upon them in drops till the lime regains its ori- 
ginal quantity of csrbuiiic acid, and again hardens into Hone, 
or forms a fj<nr by its moie peifcdl, o: Itfs dilhirbed manner 
of cryllallization. It is confeqiitntly fuppofed, that the 
earth acquires cj: bon, both in a manner i'lmilar to the above, 
by its attraAing either the carbonic acid, or the water in 
which it is diffufed, fiom the atmofphere, and alfo by the 
fpecihe gravity of carbonic acid gas being ten times greater 
than that of common air: whence, there mull be conllatiily 
a great fediment of it on the furface of the earth, which in 
its Hate of folution in oxygen and water may be readily 
drank up by the roots of vegetables. Another means by 
which vegetables acquire carbon in great quantity, may be 
from limc-llone dilfolvcd in water, which though a (low pro- 
ctfs, occurs in iiniumciablc fprings of water, which pafs 
through the calcareous or marlj llrata of the earth ,* as tliofc 
of Matlock or Drillol in palling through lime-lloiie, and 
thofc about D.'iby in psffmg through marl ; and is brought 
to the toots of vegetables by the (Iwwcrs which fall on toils 
where marl, chalk, lirac-Honc, marble, alalwllcr, and fluor, 
exiH, which include almoft the whole of this illand. 

By this folution of mild calcareous earth in water, not 
only the carbon in the form of carbonic acid, not yet made 
into gas, but the lime alfo with which it is united, becomes 
abl'orbed into the vegetable fyllem, and thus contributes to 
file nutriment of plants, both as fo much calcareous earth, 
and as fo much carbon. 

And another mode may be by the union of this (imple 
fiihllaiice, with which all garden mould abounds, with pure 
calcareous earth into a kind of liepai, analogous to the he- 
par of fulphur made with lime, which abounds in fome mi- 
neral waters, and this is fuppofed to be the great ulc of lime 
111 agnculture.” 

Fiir the purpofe of afeertaining the probability of this 
mode of folution of carbon, the following experiment was 
niade. " About two ounces of lime in powder was mixed 
with about as much charcoal in powder, put into a cruci- 
ble, and covered with about an inch or two of filiceous fand. 
The crucible was kept red hot for an bour^ or longer, and 
then fuffered to cool. On the next day water was poured 
on the lime and charcoal, which then Hood a day or two in 
an open cup, and acquired a calcareous feum on its furface. 
And though it had not much tafle, except that of the cauf- 
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ticity of the lime, yet on dropping one drop of marine acid 
into a tea fpoonful of the clear folution, a ftrong fmell UIk 
that of bipar Jul^ris was procured, or like that of Harrow- 
gate water, which evinced that the carbon was tbu* render- 
ed folnble in water. Hence, the dudlor fuggefts, that the 
fulphureou* fmell of Harrowgate and Kiddieilon waters, 
and other fimilar fprings, may be owing to the union of the 
alkali of decorapollng marine fait, with the carbon of the 
earth tlin run through, and that this kind of water might 
iius poffibly be ufed as a proHtable manure in agriculture.” 

And a (till further method by which vegetabk roots ae- 
quire it, is fiifpeded to be "by their diftfniting carbonic acid 
i;om lime-ilone in its (laid, uot its gafeous date, which the 
'mie-flone again attra< 5 ts from the atmofphere, and coafoli- 
dates, and forms other matters included in the foil, tuft* 
bccaufe Inne is believed by fome agrieiiltors, wlo much en 
ploy it, tb do more ftrvicc in the fecund year than the firlt, 
that is, in its mild (late, when it abounds with carbonie 
acid, than in its caiiftic Hate, when it is deprived of it. Se- 
condly, that the ufe of burning lime feems hence to be 
limply to reduce it to an impalpable powder, alinoH ap- 
proaching to Hiiidity, which mull facilitate the application 
of the innumerable extremities of vegetable Hbres to this in- 
calculable increafe ol its fiirlace ; which may tin nee acquire 
by their abfoibei't power, the carbonic .icid from tlufc mi- 
nute particles of lime, as fall as they cun recover it by che- 
mical attraiilion from the air or water, or other inanimatt. 
fubHanccs in tlieii vicinity. Thirdly, the by peroxygena- 
tion of the pcrfpirabic matter of the plants, which thence 
gives up oxygen gas in the fuiiHiine, would induce us to be- 
lieve that a great part of the carbon which furnillies fo prin- 
cipal a part of vegetable imtriment, was received bj, their 
roots in the form of carbonic acid ; and that it becomes in 
part decompofed in their circulation, giving up its oxygen ; 
which thus abounds in the fecrcted fluids of vegetables from 
this fource, as well as from dccompofrd water, as is gene- 
rally known. And lallly, there is another way by which 
carbon is received into the vegetable fyllem, which is by its 
exillcnce in fugar and in mucilage, both of which are taken 
up undecompounded, as appears by their grefence in the 
vernal fap-juice, which is obtained from the maple and the 
birch, which like the chyle of animals, is abforbed in its 
undecompounded Hate by the roots of plants.” This mat- 
ter mull of courfe be confidcrcd as one of the principal con- 
ttitiieiit parts of vegetables ; and would feem to enter into, 
and accumulate in tlie conllitutions of plants in proportion 
to their fuccclTive growth. Some plants, however, take 
more into their compofition than others, as from the refiilt 
of chemical analyfis, a quantity almoll equal to all their 
other component parts has been found in particular in- 
fiances, as in egarim pij>eratuj, clavnria tturea, agariciti^ 
lycoferdon lejellatum ; while in others, only a very fmall por- 
tion.” 



Carbonic Acid 


CARBONIC ACID, Carbonic Acid Gaj, or Otxecf 
Aciif ^ — Aerial acid. — Mephitic acid. — Kohlciifauit, Germ. 
— Acide carbonique, Fr. in Chmlflry, 

Carbonic acid, in its uncombined iiate, isonty litiow.'i tone 
as a gas, and it is the fird gas in which acid properties w'tre 
clearly difeovered. It is known to be fo by reddening certain 
vegetable blues, by neutralising alkalies and aikalinc earths, 
and by being formed by the union of a combii|liblt liafe. 

The fources of this acid arc immenfe, and widely difFufcd. 
The chief are the following. 

1. The atmofphcrc always contains a fmall portion, 
W'hich varies in the immediate vicinity of places wluiv the 
procefles of refpiration and combullion arc going on, though 
fomewhat Icfs than might be cxpccled. The general 
average is edimated at about one hundredth part. It is readily 
extracted from a confined portion of the atmofphere by the 
conta6l of lime or the candic’ alkalies. 

2. Almod every natural fpring, as it rifes from the earth, 
contains a portion of this air ; and fome waters hold fo large 
a portion as to give them, when txpofed to the air, a very 
brifk, frothy appearance, and a very feniihlc tadc and 
decidedly acid properties The celebrated fprings ot 
Spa, Pyrmont, and Seltzer, are of this kind, and the mod 
highly carbonated water of them contains about its own 
bulk of the gas. 

3. Every procefs in which coal, wood, or any other car- 
bonaceous fiibdance is burnt, is one which generates this 
acid gas. The fame may be faid of the procefs of refpira- 
tion. 

4. The vegetation of plants under fome circumdances 
generates carbonic acid. 


5. Tlic fpontaneous dccompofition of vegetable and 
animal matter produces tliis gas in abundance ; hence fer- 
mentation and putrefadlion arc carbonating procefles. 

6. But the hirgcd dorc of carbonic acid that cxids is that 
enormous quantity which is folidified in all the immenfe beds 
of limt-done, chalk, and calcareous dories with which every 
part of the globe abounds. Many of thefe contain 40 per 
cent, or even more of their weight of this acid. 

Carbonic acid gas, or fixed air^ has the following proper- 
ties. It is permanently gafeous at any temperature or 
prcfliirc. It is fatal to animal life, any living creature im- 
merfed in it perllhing as foon as it would by total interrup- 
tion of refpiration. lienee the fmall, warm-blooded ani- 
mals die in it almod immediately ; dogs, and animals of 
bulk, fpeedily become fciifelcfs in it, but recover, if removed 
in a fhort time ; frogs, and cold-blooded animals, live in it 
for a conflderablc time, owing to their power of fubfiding 
for a time without external refpiration ; but w'hen this is pad 
they perifh as the warm-blooded animals. Tliis air is equally 
incapable of maintaining comhudion, fo that a candle let 
down into a jar of it is extinguifhed as foon as it enters the 
gas as efre6lually as if dipped into water. Even the ad- 
mixture of fo fmall a proportion as one-ninth of carbonic 
acid gas renders common air unable to maintain combuftionf 
accoi^ing to Mr. Cavendifh’s experiments. It is the heavieft 
of all the known gf fles, except the fulphureoue. Hence, as 
foon as generated, it falls through the atmofphere to the 
lowed places, unlefs mingled with it by agitation or long 
daqding. Thus, if a jar of fixed air is inverted from fome 
littk height over a burning taper, enough of it falls iinmixed 
upon the taper to extinguifh it. The weight of this gas is. 
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in all circum (lances of preffurc and temperature, to that of 
common air very nearly as three to two ; hence ita fpecific 
gravity will be about .001806, and the weight of a cubic 
inch at 60® therm, and 29.5 inch bar. will be about ,456 of 
a grain. 

This gas alfo combines readily with water and many 
other fubflanccs, as will be prcfently mentioned. Ju com- 
binations with the alkalies, earths, and metals, are called 
€arbonatt* 

Carbonic acid gas is procured, .for experiment, generally 
from lime-done, chalk, marble, or any carbonat of lime, 
either by heat or by the adioii of an acid, aimoft any of 
which will diflodge the carbonic from its bafes, and caufe it 
to affnme a gafeous form. The mild alkalies may alfo be ufed 
for this purpt)fe. The aftion of acids always produces an 
tiVervefccnce, or frothing at the furfaces of contact, owing 
to the rapidity with which the carbonic acid takes the form 
of a gas ; and hence all ilones that eftervefee with acids may 
be prefumed (with but few exceptions), to confift chiefiy 
of carbonat of lime. To obtain carbonic acid gas in quan- 
tity and in a regular, uniform iiream, put a number of fmall 
lumps of marble or calcareous fpar in any proper vcflel, 
pour on them fulphuric or rather muriatic acid diluted, and 
receive the gas as it is generated. If it is collcdled over 
w'ater, feme will be lod at fird, owing to the abforption of 
a portion by the water itfelf. Or elfe, put fomc dry chalk 
or marble, or efpecially carbonat of magnefia, in an earthen 
retort and heat it to rednefs. The carbonic acid gas then 
comes off in abundance. When decompqfed by acids, a grain 
of marble will yield nearly a cubic inch of gas. 

As all mixtures under the vinous fermeiitation, give out 
an abundance of this gas, this affords a ready way for pro- 
curing it, and fublVanccs under experiment may be immerfed 
in an atmofpherc of the gas by being limply fufpended over 
the fermenting vats of brewhoufes. 

Carbonic acid gas is readily abforbedby water; and thus the 
natural carbonated waters may be cafily imitated. This fluid 
has a pungent, agreeable, brifk tade, and bubbles vigorouily, 
when expofed to air, the more in prdportion to the tempe- 
rature. This abforption is (hewn in a very eafy manner, 
fimply by Ailing a phial with water, then dirplaciiig about 
halt its contents, by throwing up the gas, and then prtfllng 
the Anger clofe againd the mouth, fhaking the half-full bot- 
tle violently. It will then abforb fo much of the gas as to 
make nearly a vacuum within, which will be felt by a drong 
external preffure of the atmofphere on the Anger that (huts 
the communication. This abforption is alfo equally pro- 
moted by fubje6ting the gas to drong preffure, when in 
contact with the water that is to abforb it ; and it is by the 
united adion of preiTure and agitation that the manufadure 
of the carbonated medicinal waters (fuch as the artiAcial 
Seltzer, and the like), is earned to fuch great perfed ion. 

Water, at about 50® temperature, will abiorb, by mere 
agitation, nearly its own bulk of carbonic acid gas ; but 
by the combined a6lion of preffure and agitation, three times 
as much may be thvown in. 

Mr. William Henry, in his valuable experiments on the 
abforption of gaffes by water, (Phil. Tranf. for i8oj,) has 
fhewn that the quantity of gas abforbed is {ceteris paribus)^ 
regulated by the purity of the gas ; for, even if the gas itfelf 
is obtained unmixed with any other, Ibmc addition of atmo- 
fphcrical air mufl take place from the veffcls in which the 
experiment is made, and alfo from the water, which cannot 
be abfolutely purged of common air by boiling or any other 
methf^* Hence Mr. Henry found, tnat if 20 mealures of 
nearly pure car^nsc acid gas were agiuted with jo meafurea 
of water, full xo meafurea of the gas would be ablbrbed 1 
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but if 20 of the gas, mixed with 10 of common air, were 
agitated with the fame quantity of w^ater, only fix meafures 
could be taken up. Water alio parts with a great propor- 
tion of its caibonic acid by mere txpofure to air, which in 
independent of the circumltancc of removing the mechanical 
preffure of corks, &c. ; for Dr. Brownrigg found that tlic 
as would not efcape from Seltzer water, when in a clofe 
ottle, though a loofe empty bladder fupplied the place of 
a cork, and in which, therefore, the gas had ample room to 
'txpand itfelf ; but a free communication with the air was 
ncceiTary for this efcape. The abforption of the gas is 
inverfely as the temperature of the water ; cold water ab- 
forbing much more than warm. The diminution of ab- 
forption, on raifing the lieat, Mr. Henry eftimates at about 
-r*yth of the whole for every ten degrees above 55 ^* With 
regard to the effed of preffure, it appears that water, in all 
cafes, takes up as great a bulk of condenfed as of expanded 
gas. under Amilar circumftanccs of temperature. 

Therefore, as the bulk of all aeriform bodies is inverfely as 
the preffure to which they arc expofed, the quantity ab- 
forbed is dircAly as the preffure ; that is, for example, if a 
preffure of inches of mercury will caufe a certain bulk of 
carbonic acid to be abforbed, a preffure of 60 inches will 
caufe a double abforption. 

The fpcciAc gravity of water, holding its own bulk of 
carbonic acid, is about 1.0015. This gas is readily and 
almofl totally again expelled by heat ; hence, in the analyfis 
of mineral waters, the Arft flep to be in general purfued is 
the expulfion of the gaffes which it may contain, by boiling 
for about ten or fifteen minutes. 

Carbonated wmter fhews its acid properties by changing 
the colour of litmus from blue to red. This it will do, ac- 
cording to Bergman, w’hen the water contains as much as 
y^th of its bulk of the gas. It is very conveniently fhewn, 
in the way mentioned by Kirwan, that is, by adding, in a 
thin glafs tube, or jar, about equal quantities of the car- 
bonated water, and of litmus infufion diluted, fo that the 
blue is juft diftinguilhable. The colour then becomes of a 
very dilute red, and is better remarked when compared with 
a limilar glafs tube full of the fame dilute litmus liquor and 
plain water. To (hew that it is the carbonic and no other 
acid that produces this change, let fomc of the carbonated 
water be boiled ftrongly for a few minutes, and then it will 
leave the blue unaltered. 

But lime-water is a much more delicate left for carbonic 
acid, cither gafeous or liquid. When a gas is to be tried, 
nothing more is required than to fhake it with lime-water, 
or with barytic or ftrontian water, and the immediate mild- 
nefs of the water will indicate the prcfencc of carbonic acid 
gas in almoft every cafe. 

But with liquid carbonated water, it fhould be remem- 
bered, that though the Arft portion of carbonic acid will 
precipitate the lime from its folution in the form of white 
carbonat of lime or chalk, a greater portion of the acid will 
rc-diffolve the carbonat oj Rme* So that if a highly carbo- 
nated water and lime-water be mixed together at repeated 
portions, the mixture will Arft become turbid by the fepa- 
ration of the carbonat of lime ; then an additional quantity 
of carbonated water will make it again clear by re-diirolving 
the carbonat ; after which another portion of lime-water wiU 
again make it turbid, and frefli carbonated water again clear, 
and fo on, in proportion to the mutual faturmtion and fu- 
perfaturation of the two ingredients. Therefore, as no error 
can arife from an excefi of lime-water, the latter, to (hew, 
in all cafes, the prcfencc of carbonic acid, (hould Ik in equal 
quantity with the carbonated water- According to Be^ 
snao’s wuable rcfcarchcs on carbonic (called by nim aerial) 
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acid, lime-water will delea by its cloudintfs as little as one 
cubic inch of the gas in 7000 grains of water, rltat is, where 
the weight of the gas is only ,/,f,^th of the whole. 

This gas is uUo readily and totally abfoihtd from any 
gafeows mixture by flight agitation with a folutinii of caullic 
or nearly caullic alkali. A mwh linjlhr quantity of alka- 
line foil lion will fufiice than of linu-watu, as the foinicr 
may be made much more concent vaud, 'lids k often con- 
venient f but it is not fo palp ihlc a irll, a i n > cloudincfs or 
change of appearance in the alkaline Inliition cnlncs. 

Carbonic acid, according to the modern {\lliin of nomen- 
claturc, lignifics an acid whole hafis is curbon ; and hence 
that it is produced by the conilniilion or oxy^renation of 
carbon or pure charcoal. It reqniud the ui.itcw cirorts of 
many of the moll eminent cheimiK to elucidate the nature 
of this important acid, and to (hew that the very fame fub- 
ftance which exifted as a large component part of all calca- 
reous (tones, and was given o(T abundantly by many of the 
natural mineral waters, was alfo the foie produft of thc.com- 
buflion of charcoal, and all carbonaceous matters, The 
full difeovery and proof of this faft arc due to Lavoifier, who 
made the elementary experiment of burning a given weight 
of charcoal in oxygen gas of known purity, (no other fub- 
llancc being introduced than a very minute portion of phof- 
phorus to begin the combuiUon,) and found the produiSl of 
the combullion to be this acid gas, the weight of which, 
when removed by caullic alkali, correfponded very exaftly 
with the lofs of charcoal and oxygen. Very little aftual 
diminution of bulk takes place at firft in this combullion, 
iince the produ£l is itfelf a gas, and not a liquid, as 
happens after the combullion of fulpliur, phofphorus, 6cc. 
and therefore it is nut till caullic alkali or lime-water is in- 
troduced that the produdiun of the carbonic acid, and con- 
fequent lofs of oxygen, are made apparent. From this ele- 
mentary experiment, Lavoifier infers, that carbonic acid is 
compoled of about 28, by weight, of charcoal, and 72 of 
oxygen, and the refults of fubfiqncnt uiauiries nearly, if 
not abfolutely, confirm the accuracy of this ftatement. 

Carbonic acid is at its Idghcll Hate of oxygenation, and is 
the only Hate in which it has acid properties, lliiited with 
Icfs oxygen it forms the carbonous oxyd as noticed in the 
lait article, in which, alfo, the partial difoxygenation of car- 
bonic acid and coiifequent produ£lion of the carbonous oxyd 
are dtferibed. 

Carbonic acid has been completely difoxygenated (that is, re- 
duced to black pulverulent charcoal) by only one fubllance, 
namely, by phofphorus. This difcuvery was made by Mr. 
Tennant, and was followed by other valuable experimtuts 
by Dr. Pcarfon. (Phil. Tranf. for 1791-2.) 

From the well known faft that phofphorus cannot be 
made by dilldling phofpliat of lime and charcoal, the latter 
not having the power ot deccmpofing this acid when united 
with lime, Mr. T. infened that the united actions of phof- 
phorua and lime might be fnfiicient to dccompofe carbonic 
acid by a ftrongcr affinity with its oxygen. He accordingly 
put fome phofphorus into a coated glafs tube clofed at one 
cud, and over the phofphorus fome powdered marble. The 
open end of the tube was then alio clofed, except a very 
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fmall aperture, to prevent the free accefs of the external lur, 
and tile tube was then heated red hot for a few minutes* 
When cold and broken it was found to contain a black pow- 
der confltling of true charcoal mixed with both pholjphat 
and pholphuret of lime, together with fome undecompofed 
marble. In this experiment the only fource of the black 
carbonaceous powder can be the carbonic acid of the marble, 
which appears to have been decompofed by complicated af- 
finitits, namely by that of part of the phofphorusior the 
oxygen of the carbonic acid, of the red of the pliufphorus 
for the lime forming the phofpluirtt of lin.e, iokI alio by the 
plioi]»h(>ric acid (as loon as fornud) for another poilion of the 
lime forming the phofphat of lime. ()r, in othei wotds, the 
carbonat of lime mull undergo two difnniting proafTtrs 
before the charcoal can be produced, namely, the carbonic 
acid muH be feparated fiom the lime to v»liicli it lia? a irr- 
tain afiinily, and alfo the oxygen of the carbonic acid mud 
be feparated from the carbon which is its bafe. The lime 
iidttachrd fiom its union v\ith the caibonic acid by tic 
united affinities of part of the pliofphorus for lime, and a*u> 
of the phofphoric acid, when formed, for the lime. On the 
other lund, the carbonic acid is decompofed by the dired 
affinity of phofphorus for oxygen, which is great, but how- 
ever of itfelf lefs than that of carbon for oxygen, fincc, in 
the common»diRillatioil of phofphorus, it is produced by 
dccompofing phofphoric acid with charcoal. Therefore 
the dccompofition of carbonic acid here produced is the 
refult of combined affinities, and could only be clTeflcd in 
this manner. 

Dr. Pearfdn decompofed carbonic acid by a fnnilar pro- 
cefs, but with phofphorus and rarhonat of fo:la inHead of 
carbonat of lime* Sufficient quantity of the black powder 
was procured in both cafes to prove that it was genuine 
charcoal, and yielded caibonic acici again on combullion 
with nitre. 

Many liquids abforb carbonic acid with apparently 
much cafe as water, fuch as alcohol, oil, See, but fiuh 
mixtures feem to produce no remarkable chemical change. 

The affinity of carbonic acid with the alkalies, earths, and 
mcials, is fo weak that it may be difplactd by cvciy other 
acid, the boracic excepted. This weaknefs of affinity is 
doubtlefs much owing to the tendency which it has to af- 
fume a gafeous f(»rm as foon as difengaged. 

The order of the affinities of this acid in the liquid way 
for the alkalies and earths is barytes, Hrontian, lime, potafl', 
H’da, mngnelia, and ammonia. With regard to the two 
hitler inJetd, the force of affinity is fo nearly balanced that 
each fubHance will partially dccompofe the carbonat of the 
other according to tlic tcmpcraiurt. Thus at a higher heat the 
ammonia, from its increafed tendency to volatilization, lofes 
much of its force of affinity with folid or liquid bafes, and 
then its carbonat is decompofed by magnefia, which no heat 
can volatilize ; but in a low temperature the affinity of the 
ammonia prevails and it decompofes the magnefian caibonat, 
though very imperfcftly. 

As the carbonic acid quits every fubHance in a high heat 
its relative affinities in the dry way cannot be afeertained* 
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CARPENTRY, in Civil /InhUcBun. The art of ear- 
pentry i«, in general terms, the art of employing timber in 
the conftrudiion of edifices. This is an art of the mod ge- 
neral and important ufe, and of the higheft antiquity ; from 
the rude and folitai7 cabin to the rich and peopled city, in 
the eatlied davrnings and thebrighteft periods of civilisa. 
tion, wherever nature has prcfeiiteil to man her foretls, tlic 
building art has found in them a material of univeifal appli- 
cation, commodious and economical. Carpentry is alfo in- 
tcrelUng to the fine arts, as its forms and operations have 
been the model of Grecnn architeAure, which has decorated 
and improved, but never renounced, its original type in 
wooden building. See the articles Duildino and Civil 
ArcbileBure. 

With refped to the hiftory of this ait our information 
is ihort and fcanty. Pliny and Vitruvius, the only writers 
upon the building arts whofe works have reached modern 
times, confine their obfervationi upon carpentry chiefly to 
the choice and felling of timber ; and it may be readily con- 
ceived that ancient buildings preferve no fpecimens of an art 
which is not calculated to renft the injuries of time and the 
violeocei of rapine. 

The remains of Egyptian architeAure prefent, perhaps, 
the only example of a complete fyftcm of building without 
the ufe of timto, wHile, at the fame time, arches and vaults 
were unknown; for many Roman edifices, foch as the 
Pantheon, Temple of Peace, &c. might be quoted, which, 
by means of vaults, are independent of arpentry. In the 
Egyptian conftrudion, however, flat roofs of mafly (lone 


were ufed, which it was neceflary to fupport by thick-fet 
avenues of columns, arranged at fmall equal diftances over the 
whole area. This form, though fumciently (Iriking and 
pidturefque, was of courfe incommodious, and only adapted 
to a dry climate. A pediment roof, therefore, was the firft 
effort of conllru£tivc carpentry ; this anfwcred the purpofc of 
an effedual Ihelter, by throwing off the humidity of the 
ikies ; at the fame time, the rafters, in connexion wath the 
tranfverfe beams of the ceiling, formed a trufs which would 
be gradually improved, and thus give the means of covering 
a wide fpace, without any other fupport than the external 
walls. 

The invention of pediment roofs leads us naturally to 
Greece, where this member was an effential part of archi- 
tedure. Befides forming roofs, the Greeks appear to have 
ufed carpentry in the framing of floors, and for ruftic build- 
ings and other purpofes. But in a warm climate, abounding 
with (lone and marble, it is not probable, that wood was much 
ufed in the internal finiihitig of any edifices, except forthofe 
object wherein lightnefs and tenacity are effential qualities, 
as doors ; though there are fome remains of marble doors. 
Mufeum Worileyanum. 

This was lefs the cafe in Rome. The Romani feem to 
have ufed wood for nearly alt the puraofei of carpentry that 
the moderns are acquainted with. The roofs of buildings, 
the architraves, where they were very long, as in the Tufean 
temples and other cafes, theframingoffloon, were all of this 
material. They alfo formed arches of flight tim^r grating 
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for ftuccointr ; tfiey had wooden cornices, and the ftonc feats of 
theatres w*.rc covered with boarding. Vitruvius,!. 1. 7. &c. 
Wcaltnrcad of confiderable buildings, asampbitlieatres, being 
crtd\ed <jf wood ; fuch was that built by Augiillus to exhi- 
bit the Ihows nn account of the vidory of Aftium, and 
many ethers, at Rome and different parts of Italy. It may 
be remarked that the beams of tVic roof were generally left 
uncovered by a ceiling ; and fometimes, in magniheent 
buildings, tncrulled with bronze, and even gilded as in the 
bafilica ©f St. Peter, erected by Conttantine. 

In the colder countries of Europe, wood was more pfen- 
tifully ufed, particularly in the interior works ; and in the 
middle ages tlie art of carpentry partook of the bold and 
(kilfiil conllruAion exhibited in tliat ilylc of building com* 
tnonly called gothic ; of this the high pitched weighty roofs 
jtnd iofiy fpircs of the great cathedrals afford many linking 
tnflauces. 

In more modern times carpentry ftill improved. The 
wooden bridges of Palladio are examples of admirable con- 
IhuClion, Some French artills loo have given eminent in- 
llaiiccs of ingenious carpentry, Philibert Delorme in his 
uitthod of con(lrii<ftiiig wooden domes ; and Moiilineaii in 
his, which was executed at the Halle du Pled, at Paris, and 
various centres for large llone arches by Penonet, Hupeau, 
5cc. In England the timber work of the dome and fcaifold- 
itig of St. PauPs, and, in later times, many examples of 
centres, bridges and roofs may be cited as models of fcicntific 
carpentry ; while in accuracy of execution, celerity and 
iieatncfs of finifhing, our workmen arc unequalled. In the 
north of Europe, and particularly in Sweden and Norway, 
wood 15 almoll the only material ufed for building ; and of 
courfe the natives muii have confiderable pradical fkill in 
carpentry. 

The art of employing timber in building is divided into 
two grand branches : carpentry and joinery. The firft 
includes the larger and rougher kinds of work, and that part 
which is material to the conllruflion and (lahilily of aw edi- 
fice ; and, generally, all the work wherein the timber is va- 
lued by the cubical foot. Joinery, which is calkd by the 
French, menuiferie, from the menus bois, or fmtU wood em- 
ployed ill that art, includes all the interior finiChing and or- 
namental wood-work, and valued by the fuperficial foot. 

In thia article we (hall treat of the conllruflive part, or 
carpentry, ftridlly fpcaking, leaving what refpcdls the ma- 
terial and belongs to archite£lure in general, as ihecho’cc of 
trees, the llrenglh of timber, &c. to the artfcle I imb£%r. 
We Ihall therefore fuppofc the material arrived in the car- 
penter's yard, and in the Hate of whole or fquared timber. 
The operations it undergoes from this period toils final em- 
ployment in a building may be clafl’ed under two general 
heads, ihofe which relate to individual pieces, and thofc 
which relate to their count xion witli others. Under the 
firft Iliad arc the operations of the pit faw, too generally 
known to need defeription, by wh’ch the whole timber is di- 
vided and reduced to the required fcantUngs ; tliis term, from 
the French, echanl'ilijny means dimtnlions, relative to breadth 
and thicknefs without refpe^ing length ; — Planing, which 
18 giving a fmooth face to wood by means of a fan tliar in- 
ilrument called a plane, confiftingof a chiftl fixed in a frame, 
feiving as a handle, by which the workman moves it along 
over the furfacc of the timber, fliaving off its inequalities \ 
timber thus prepared is faid to be wrought Mouldings 
of various forms, and performed with particular planes 
or chifcls:— Rebating, which confills in diminifhing the width 
of a fquarCj or rc6\angular piece of timber, for a certain 
depth oil one edge, thus taking off a rc&anglc of the whole 
widthi and lefs than the depth of the original piece | thu 


method is particularly ufed in door-cafes, and the frames of 
caferoent windows, the relate forming a kind of ledge for 
the door or cafement to (lop againfl ; — Grooving or plowing, 
in which a narrow channel is excavated ont of llie thicknefa 
of the timber : the groove is either fquare, forming an 
equal feflion in the whole depth, or ’wider at bottom than 
at top^ which is called a dovetail groove. Timber may Sslfo 
he funh where the piece is formed like a wedge, or roundtd ; 
or hevilled in various (hapes, which means when the fc6tion 
forms a figure without right angles, 

Wc now come to the fccond and mofl important head of 
the operations by which limbers are conmdted together. 
Thefe are generally fpcaking, by mortife and temn^ the firit 
an excavation, and the fecond a proje^Iion, adupted to it ; 01 
by wooden pins or nails, fpikes, ferews, bolti<, (traps, and other 
faltenings of metal, or by glue, though tliis lail is fcarcely 
ufe<l except in joinery. 

The following is a defeription of t^'c mofl gen*. ral and ufc- 
ful methods of joining timbers. Firft, by fimplc tenon and 
mortife, as when joilts are framed into trimmer", llie moll 
ufual method i*; to make the It nous in the middle of tlic 
breadth of the trimmer with a plain fhouldrr ; fee f. 
Plate LX II. of Architellure^ which n^prefents a feflion of 
the trimmer, and a part of the joift, framed in a longitudinal 
diredlion. But wlu n binding* joiils sre framed into girders, 
as the binding-joid has to fupport the bridging-joills, and 
thefe the floor, the beft method, in order to give Itrength to 
the tenon, is to make a reft of a fhort length under the te- 
non, with a Hoping flioiildcr above, extending in a line from 
the extremity of the red to the perpendicular of the fquare 
fhoulder below at the upper edge of the binding joift. Sec 
Jig, 2. LXn, of Arcblkilure, No. i. rcpreicnts a fac- 
tion of the girder through the mortifes ; Nos. 3 and 3 part 
of the joiils in a longitudinal direflion. 

When a piece of timber is to be framed between two pa- 
rallel pieces which are quite immoveable, the true method, in 
order to make clofe work, is to make the extremity of the 
tenon and the bottom of the mortife, at one end, in the arch 
of a circle, having its ce:itrc in one edge of the mortife, and 
the extremity of the tenon, and the bottom of tlic mortife at 
the other end, in a concentric arch from the fame centre. As 
the mortife at this end mull be much longer than the breadth 
of the tenon, there will be a large part of the mortife dill 
open, which may afterwards be filled up. In (lead of the 
bottom of the mortife here being formed in the arch of a 
ci’-c.c, it may be cut quite parallel to the edge to the deepeft 
part, as it will not impede the tranfvcrfe piece in going to 
Its place. This mode of framing is much ufed in ceiling, 
joiliing for double floors ; the long mortifes cut in this man- 
ner arc called chafe mortifes. In forming the tenon and 
mortife, at the end where the centre is placed, it is not necef- 
fary tliat the iniirtife and tenon flioiild be fo deep as to form 
an entire quadrant ; in this cafe the bottom may be quite 
pirallel, and ouhv the further edge oppoiite the centre made 
circular, /(i: J. /V<//e LXII. of Architedure ^ 

piece of framing, m thp manner above deferibed, A B, the 
bottom of the mortife, and the extremity of the tenon 
deferibed from the centre C ; D E the running, or 
chafed mortife, whicli mud be quite free from the circum- 
ference deferibed by the point D, whether the extremity 
be in the circumference, or in a tangent, D F, parallel to 
G E. 

The manner of reprefenting the tenon and mortife at 
the end on which the centre is placed, when the mortife is 
made of a Icfs depth than the breadth of the tenon, is (hewn 
at the^other end. 

When a traofverfe piece is to be framed between two pa- 
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‘fillcl joifte, of wh’ch tlicir vertical furfacea arc oblique to 
each other, the upper edfre of the tranfverfc piece is turned 
downwards upon the top of the joids, and marked at the in* 
trrval or clear ; it is then turned upwards into the portion 
If) which it is to be placed, the mark at> one end is brong’ht 
into a right line with the vertical fuiface of the joill, and a 
line is drawn by the edge of a viile or (Iraight edge placed 
vertically in the plane of the joift and the tianfvtrfc piece; 
tip's line marks the (boulder of the tenon. The other end is 
drawn in the fame manner. This mode of framing a tranf- 
verfe joift between two parallel joills is called by workmen 
tumb.iiig-in-joills. 1’hc manner of tumbling in a joift is ex- 
li biicd at ^^•4- LXII. of chiteflure. A and Bare 
(cclions of the parallel joifts, C D E F the tnanfverfe joift, or 
the piece tumbled in, G H the ftraight edge placed for 
drawing the (liouldcr C F. 

A piece of timber may be joined at right angles to another 
in the manner of^ij^. j . /*/rf/rLXI. AvehUefiuret which is 
a longitudinal fcdion in the dire£lion of the fibres of both 
p'.tccs. A mortife is cut in the one piece to the breadth of 
the piece which is to form the perpendicular: the edge of 
the tenon is cut with a dove-tail notch, fo that the piece may 
he at right anghj** to thv other, and a wedge or key is driven 
from ihc other edge of the tenon, which forces it quite clofe. 
One inconveiiic!ice ariiing from the dove-tail is, that if the 
timber of which it is made be not quite dry, the tenon will 
Ihriiik in propori on to its breadth, and therefore the perpen- 
dicular piece w'ill be liable to be drawn to a certain, degree* 
To remedy this defeft, inllead of the edge of the tenon being 
cut dove-tail ways, it may be notched, as is to be feen in 
fig, 4. No. I. No. 2, (hews another view of the perpendicu- 
lar piece with the wedge. 

Another method of fixing one piece of timber perpendicu- 
lar to another, is to mortife the piece forming the bafe not 
quite through, enlarging the edges tow’ards the bottom,, and 
making the tenon of the perpendicular piece to fit the upper 
part of the mortife. Two wedges are tlicn fixed to the bot- 
tom of the tenon ; where the perpendicular piece is driven, 
the wedges will be refilled by the bottom, which wi\] fplit 
the ends of the tenon, and fill up the mortife to the breadth 
at the wideft place. Tnis mode of fixing one piece at right 
angles to another is called fox-tail wedging. By this me- 
thod, fo long as the wedges are kept from (lipping, the one 
piece can never be drawn from the other, without breaking 
the tenon. In order to enlarge the tenon in breadth ftill 
more towards ita extremity, two other fmallcr w’cdges may 
be put in, of which their ends do not reach quite lo far as 
thofe of the other two, which, when partly driven, the fmall 
wedges will then begin to widen the end of the tenon likewife, 
and make it fill the mortife completely at the bottom. Fig. 
No. I. fliews the edge of the piece on w'hich the mortife it 
cut. Fox-tail wedging is chit-fly ufed ivherc the pieces to be 
put together are fmall, and then the wedges are frequently 
driven in with glue ; when the pieces to be joined are large, 
the former method is generally praAifed. 

The fixing beams to wall-plates is called cocking or cog- 
ging. When a beam is to connect two wall-plates, in order 
to bind the fides of the building together, one method is to 
cut the end of the beam in the foun of a dove-tail, and to 
make a correfpondiug notch in the wall-plate to receive it, as 
is flicwQ in fg, 6. No. 1. No. 2. is a tranfverfe fe^lion at the 
neck of the dove-tail. Fig»]. (hews the fame thing, with a 
(mail variation in the form of the dove-tail, fitted obliquely 
to the other piece. But when the timber has not been fuf- 
ficicntly feafoned, and whenit begins to dry, the perpendicu- 
lar piece may eaCly be drawn from the other, to a certain 
degree. ThereforCf if the ltdes of the building are affe^ed 


by lateral prcITure, this mode of fixing the one piec:: to t)>e 
other will not prevent the walls from coming nearer together, 
or expanding. The moft effcAual method of preventing 
this is (hewn at fg, 8. No. i. where a fmall notch is cut out 
of the beam, and the contrary parts, viz. a double notch, cut 
in the wall-plate to receive it. No. 1. the beam flicwn lon- 
gitudinally upon a tranfveifc fedlion of the wall-plat»t ; 
No. x. the upper face of the wall-plate. The beft method 
of connc£ting any number of pofts with crofs-bcams depends 
upon this principle. Fig.^. No. t, fticws a tranfverfe fcc- 
tion of a poft with two beams longitudinally b Itcd to it, in 
the manner of cogging beams to vNall-plutes; No. 2. a part 
of one of the beame, (hewing the notches. The ftrong«"ft 
method of fixing the purlins of a roof to the 1 afters alfo 
depends upon the fame principle. Fig. 10. No. i. is a fcc- 
tion of the rafter, vith the purlin longitudinally drawn; 
No. 2. the upper edge of the rafter; No. 3. the under fide 
of the purlin, (hewing the notch. 

The method of joining timber laterally, by means of keys 
and dove-tails, is ingenious, and not generally known ; it wdl 
be nccclTary to exhibit and deferibe the manner of doing it. 
Fig. I . Plate LXI . ofvfrr/j//riSMre,No.i . is a longitudinal fedion 
<»f two pieces joined in this manner, with the dove-tail pieces 
and the wedge or key, by means of which they are forced 
againft the ends of the pieces to be fixed, and in order to 
make the one prefs harder to. the other, the interior angle of 
the dove- tails iS greater than the exterior one, formed upon 
the pieces to be joined ; No. 2. is a tranfverfe view of the 
mortife, exhibiting the ends of the dove-tails and keys. 
Fig. 2. is the fame method, applied in joining parallel pieces 
not touching each other together, which is plain to infpec- 
tion. 

The modes in which beams are lengthened are of infinite 
variety ; fomc of the moft approved forms are as follow. 
A beam may be continued to any extenlion by building it in 
three thicknefles; fec^/^. I. Plate LtK, of ArchiteBure. It may 
alfo be done bv fplicing one to the end of another, called 
by carpenters {(‘arling, which is of various forms, xa^xwfgurn 
I, 2, 3, 4, «j, 6, 7, and 8. When a beam is to be Icngtluned, 
as in 2. and it is very difllciilt to get tlie joints clofe 
, when the pieces compofing it are very largr, and hcnci .h^y 
arefeldom ufed but for vtry fmall pieces, whicli may be glued 
together. To remedy this inconvenience in large works, as 
Will as to make it Icfs dependent on the bolts ; and lo pre- 
vent every pofTibility of the one being drawn away from the 
other, is to indent them together, called tabling, as \\x figures 
4* 5f ^9 7> ®“d 9, and lo leave a fmall fpacc at the end or 

meeting of each table for a wedge. In the operation of 
joining timbers in this manner, the pieces are laid fo as to 
bring the joint as clofe as poftiblc, the wedge is tlien driven 
while another pciTon ftrikts the extremity of one of the 
pieces with a large hammer or mallet, which will bring the 
joint quite clofe, if they have been well fitted together pre- 
vioufly to the operation ; of thefe two forms, 5, 6, and 
7 ought to have the preference, as the faces ot the tables arc 
parallel to the fibres of the wood, which will make them re- 
lift any longitudinal ftrain with a much greater force ; but as 
a difad vantage arifes from this form, that more than lialf the 
wood is cut quite through at the tw*o ends of the joints, it 
has been found ncceffary to fix plates of iron acrofs them, as 
arc (hewn. However, there is lefs to be apprehended from 
the tearing of the fibres, by being drawn in a diredion of 
their length, than from the bending of the boltA. 

Fig. 6. is a fcarfe with feveral tablings ; in this it is to be 
obferved, that the wedges in the two extreme mortifes arc 
only effcAive. A wedge in the middle would tend to force 
the joints open, and therefore the other two (hould only be 
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fixed. Long fcarfings add to the ftrengih ; but to incrcafc of a pair of raftcra and the king-poft, together fii ith the ma® 

1 f ,._Li — ? .1 1 - .1. ^ {tfgpping them. T his mede of forming a juni^ion by 

making the rafters meet e ach other, without the intervention 
of the joggle head, which is generally made to the king-poll, 
has the advantage over th^ common mode with a joggle- 
head, exhibited in Jig. 6 . P/o/rLXII. of ArchUeBitrt^ as the 
fltrinking of the king-poft at the joggle will allow thereof to 
defeend, and confequently put it out of fliape. 

One method of iirapping the tic-bcam to the king-poft it 
exhibited at Jig. 7. Plate LX It. of ArchiteBure. 1 he mor- 
tife of the ftrap on both Tides is made oblong, and that 
through the king-poft is made fomewhat lower, in order to 
give the wedges a proper draught. An idea may be formed 
by examining No. i. which reprefents the bottom oftlic king- 
poft with part of the tit -beam ; No. 2. is a longitudinal fec- 
tion of the king port, v»'ith a tianfverfe fed ion of the beam*, 
in the upper part of this is Ihewn the manner of fixing the 
wedges, with the form of the walhers, which arc ncceffary in 
preventing the ftrap on each fide from penetrating into the 
wood, the whole force of the fridion being taken away from 
the ftraps by them. Another mode of fixing the tie-beam to 
the king-poft is by a bolt, arf exhibited at Jig* 8. Plate LXIL 
of Architetiurt No. i. (hews the elevation of the bottom of 
the king poft ; No. 2. is a vertical fed ion cutting the beam 
tranfvcrlely ; in order to give greater feturity, there are two 
nuts, one let in from the face of the beam and the other from 
the edge. Fig. i. /Vtf/eLXIIL of ArchiteBure Ihews the 
meeting of a brace and ftraining-piecc under a trufs beam, as 
the brace may be refolved into two forces, one pufhing in a 
diredion of the beam, that is. compreffing the draining piece, 
and the other tending to break it tranfverfely, the end of the 


the number of tables more than two, is, it is thought, rather 
difad>antagcous, as it (hortens its fibres, and confequently 
makes ihtir rcfiftance lefs. Fig,*^. is an excellent method 
of feariiiig in two pieces, each piece being tabled together, 
us in Jig* 5. It has been thought by fome that tabling 
fcarfings leftcn the fedion ol lefillance more than is nectl- 
fary ; and for this piirpoi’e they prefer^!?. H. with an oblique 
fcarf, where the ki ys arc let half wito the one and half iiuo 
the other ; but in this mode, as a draught mull be left for the 
keys, they will be apt to he turned round in the driving, 
and thercfvjre will have Itfft efted in keeping the pieces t»-ge- 
iher. Fig. 9. is a mode of fcarfing a beam by tabling the 
pieces together ; No. i. and 2, aie the two halec^ ; whtn 
.bolted together they have the appearance of being quite 
llraiglit, as is Ihtw n in No. 6. The tables are made in the 
form of obtufe angles, with a ridge in the middle, deprefled 
and laifed alternately, in the form of re-entering Tiiid falicRt 
angles ; No. 3. fedion acrofs the deprefTcd part; No. 4. 
iiedion acrofs the raifed part ; No. 5. fedion of the beam 
when bolted together. In all forms of fcaifiiig whatever, 
evety butting joint ftiould be ftrapped acrofs with iron on 
ht>th fidcb ; this will in a great degree prevent the bolts from 
being bent, and will incicafc the longitudinal rcfiftance at 
the wcaktft fedioii. If a beam is to be fcarftd and tabled 
as in this laft mode, the utmoft care ought to betaken in the 
workmanfhip, To that all the buttiug-placcs ought to be 
clofely fitted together. 

Conneded with fcarfing is the method df joining timbers, 
which may either be endways, Tideways, perpendicularly, or 
obliquely. When two pieces of timber arc To joined that 


the common fcam or joint is perpendicular to the fibres of brace is cut in the form of a fally, or bird’s mouth, as it it 
both pieces, then the joint is faid to be butting, and is called by workmen Another method is Ihewn at 2. 
calkdby workmen a butting or heading joint. When two d/— tyttt „f 'rt... .. .« .k, 

pieces of timber are joined together, fo that the common 
fcam is parallel to the fibres of both pieces, this then may be 
called lateral or longitudinal joining, and the joint may be 
called a longitudinal joint, as it runs in the diredion of the 
grain 5 and when the fibres and feam of the one p«ce run per- 
pendicular to the fibres of the other, this hm^ of joining 
timbers may then be called tranfvcrfc joining, apd the joint 
may be called a tranfvcrfc or perpendicular joint. Laftly 


Plate LXIIL of ArchiteQure. This mode is ufed in the roof 
of Grccnw’ich chapel. Sec the figures in the article Roof. It 
may, however, be ubferved, that this abutment is not of the 
heft kind ; the fpacc left for the brace to give preflure to the 
ftraining-piecc is much too fmall ; the upper part Ihould not 
be let into the ftraining or trufs-beam, this prevents the 
ftraining piece from acting with its full force, and weakens 
the truU-bcam. 


Fig. Plate LXIIL of ArchiteBure (hews the method of 
when the fibre, of the one piece run obliquely to thofe of fecunng a collar-beam, at one “> 't* ^ja«nt 

the ether, this is called obliquejoining, and the joint is called rafter, m order to prevent its being pulled away at the mint, 
an oblique joint t j o ^ through the rafter at the angle of their 

round and the other fquare ; the round one mufi be cut in firap, a bolt i. here ufed, with a fpreading head, fo a. to form 
r ct cumfcrcnce fuU of notches. After having let in the a Ihouldcr at right angles to which art notched, 

bolt perpendicularly to the joint in both pieces, the nuts are m order to receive the bolt . This alfo **‘* ”^'™ 

funk?^ one fide acrofs the gmin, untU ihe ends of the bolt of a roof from finking in the middle. Inftead of any part 
mav Su to pafa the interior fertw made on purpofe to being of wot^, the whole may be of iron, confiamg of two 
• the fauare nut is firft put in and the parts, connc6led together by means of a ferew, which will 

dowel, may be inferted o« «ch “e Km, a. to Sow the abutting (houlder to L at right an. 


one piece as clofe to the other as the nut will permit 


Then 

by' m«ns""of*”o narrow pointed ferew^driver and inallrt, 

tte nut may be turned round untd the joint » qiate 
V Plat* LXII- of JuhiteBurt reprefenti the meeting 


gles to the length of the brace, and to its whole breadth. 
Twp of the rooft approved forms are exhibited in /gnrer 5^ 
and 6. PlaU LXlIl. of ArehileBun. Ftg. <. (hews the form 
of the abutment, when the part which nvaket the refiftan.co’ 
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in the diredion of the king^poft is at right angles to it. 

6. (hews the form of the abutment, when the part of the 
(houldcra which makes the refiftancc is at right angles to the 
brace $ this mode is better than the former, becaufe it is lefs 
liable to comprefs the king-pod at the bottom. 

Fig. 7. Plate LXIII. of Jtrclnte^ure reprefents one form of 
the heel of a principal rafter, with the focket cut in the end 
of the tie-beam to receive it ; but as the finall part cut acrofi 
the fibres of the beam is fo near to the extremity, and as this 
part fuftains the whole force of the rafters, in drawing the 
beam in a dueftion of its length, it will be liable to be forced 
away. To prevent this in fome meafure, a double refidance 
is formed, as 8. Plate LXIII. of equally 

deep into the beam ; this mode gives the drength of the in- 
termediate part contained between the two abutments, in ad- 
dition to the end refidance, which is nf itfclf eoually Urong 
with that teprefented in 7. The intermediate part in 
this mode being cut acrofs the fibres, it is tafily fplit away. 
A more cffeftual method of forming a double refidance is 
(hewn at Jig. 9. Plate LXIII. of jlrMeSuret where the heel 
of the rafter and the focket is cut parallel to the fibres of the 
beam ; the tenon forms the fecond abutment, being removed 
farther from the extremity. No. i. the elevation of part of 
the rafter with pan of the beam ; No. 2. the upper edge of 
the beam, (hewing the mortife. But the niofi crfe£kual mode 
of forming a refidance on the heel of the rafter .and focket 
on the extremity of the beam is that reprefented by fg> lo. 
Plate LXIII. ot ArchiteBuret where the abutment is brought 
nearer to the inner part of the heel, which leaves a greater 
length on the end of the beam, in order that the refidance 
may dill be greater than what is given by the wood. A drap 
may be placed round the extremity of the rafter, and the two 
ends bolted together through the beam, as is fhewn by this 
diamm at No, 1. and 2. 

Fig, IT. PtoeLXIil. ./^rr/ji/r^tfrercprcfcntstwobracesof 
a roof meetii^ an iron king-pod, which is only a fmall 
rod of iron fufficiently drong to hang up the middle of the 
beam, and to receive the force of the braces by the weight of 
the middle rafters. The drap which prevents the braces 
from being pu(hcd downwards, has an eye through each fide, 
and tlie bottom of the king-rod is formed with a crofs equal 
in length to the thicknefs of the braces ; this crufs is per* 
forated in its length to receive the bolt. 

The purpofes for which wood is employed in modem 
buildings, and particularly in thofc of England, arc very va- 
rious. It is ufed to form the frame work of the roof, and in 
laths or boarding, to fupport the covering of tiles, flates, &c. 
Long pieces, called bond or chain timber, are laid in the 
walls to drengthen and bind them together: other flat 
pieces, called plates or wall plata^ arc placed to receive the 
ends of the girders, joids, and other timbers, which form 
the framing of the floors, and afford them a level bed. Ties 
are placed acrofs the building to alfid in keeping the oppo- 
(ite walls in their fituation, and counteraA the lateral pref- 
fure of the roof, and diagonal ties at the angle?. Lintels 
are laid over the apertures of doors or windows to fupport 
the incumbent walls. The floors are framed with various 
beams and joids. The rooms arc divided with quarter 
iitioHSf being a frame work of fmaH pods and horizontal and 
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diagonal pieces placed at about a foot afunder, and dedined 
to be cafed with lath and plader on the outfide. Door and 
window-frames are alfo placed in the apertures of the waUi. 
In bad foundations piles are fometimes ufed ; and fometimes 
planking, and what are called Jlftpers^ pieces of timber, laid 
at (hort intervals trafvcrfely, beneath the foundation wall, 
and extending about two feet wider: befides all the fini(h- 
:ng 'vood work, fucb as doors, windows, wainfeoting, &c. 
which belongs to iotnery. Carpentry is alfo employed to con* 
firud the centres for arching and vaulting, and ^equently in 
entire bridges. Coffer dams, caiffoni, flood-gates, and all 
the methods of building in water, derive large aCfilUnce 
from this art. 

The general principles of meafuring and valuing carpen^ 
ter'i work may be given very (hortly ; and to enter into mi- 
nuti* would be fuperflous in theprefent work. The timber 
ufed for building in London, and in the greateft part of 
England, confilU entirely of oak and firj the firll the 
growth of this country, the fecond imported chiefly from 
Norway. That timber which is out of fight, as being co- 
vered with lath and plader or other facing at the comple- 
tion of the building, which is by much the greater part, ti 
ufed as it conics from the faw, without the operations of 
the plane. Of this, part is framed as the roof, floors, par- 
titions. The quantity IS meafured by the cubic foot, and cither 
valued ufr framed i or clfc the quantity of timber being af- 
ceruined, is put down as fir without labour, (fr no labour) 
in the valuation of which is included the original price of 
the timber, witli the cxpencc of cartage, fawing, wade, 
and the profit to the carpenter ; and a fuperficial dimtnfion 
is taken of the frame or fpacc in which the timber w^as em- 
ployed under the denomination of labour naiiss to a floor 
of fuch a kind, roof, quarter partition, &c. in which is edi- 
mated the value of the woikmanlhip, with the mader's 
profit. The choice bctwxen thefe two methods is influenced 
by cudom, and the convenience of the mcafurer. The tim- 
ber ufed in the walls, as the plates, and bond timber, is mea- 
fured feparatcly by the cubic foot, and put down under the 
denomination of fr in bond: this is valued at a medium price 
between fir framed, and fir without labour. As for the tim- 
ber which remains apparent after the comphtion of the 
building, it is generally worked in fome manner with the 
plane, and is meafured by the cubic foot, and denominated 
and valued according to the workmanfhip ; thus a doorcafe 
is framed^ wrought^ rebated^ and beaded. We have men- 
tioned only fir becaufe it is infinitely more ufed than oak, 
however the latter is meafured in the fame w^ay. 

Boarding, fuch as weather-boarding, boarding for flates, 
kc. is meafured by the fuperficial foot, and valued in the 
bill by the fquare, or 100 iupcificial feet. Timber ufed in 
very Imall fcantlings, as fillets, is valued, not by the cubic 
or fuperficial foot, but by the foot in length, called foot 
run. 

Having thus deferibed what is properly included under 
the general head of carpentry, the reader is referred, for 
more particular information, to the articles Centre, 
Floor, and Roof ; under which articlee that part of con* 
ftru£rive carpentry which depends on certain branches of 
mechanics and geometry will be fully eaplsintd. 



Cart 


CARTy a vehicle mounted on two wheels^ drawn by 
horfeBy lifcd for the carriage of heavy goods. The word 
feems formed from the French charetu^ which fignifics the 
fame ; or rather the Latin caretta, a diminutive of carrus. 
See Carr. 

Mr. Sharp’s roI/Jng cart is fixed upon two rollers^ running 
a-breaft, or parallel with each other, and both placed under 
the body of the cart, working upon pivots like the wheel of 
a wheel-barrow. The rollers arc both cylinders of call iron, 
two feet diameter, and fixteen inches broad. An iron 
fpindle pafTcs through the centre of each roller, upon the 
ends of which reft the four planks that fupport the body of 
the cart. Criminals are orawn to execution on a cart. 
Bawds, and other malefadlors, arc whipped at the cart’s 
tail. 

Scripture makes mention of a fort of carts or drags, ufed 
by the Jews to do the office of threfhing. They were fup- 
ported on low thick wheels, bound with iron, which were 
rolled up and down on the (heaves to break them, and force 
out the corn. Norden and Niebuhr, in their ‘‘ Travels, ” 
inform us, that this method of thrcfhing is ftillpra^lifcd in 
Egypt and Arabia. The former fays that in Egyut they 
threlh, or rather tread, rice by means of (ledge drawn by 
two oxen, and that the man who drives them is upon his 
knees, whilft another has the care of drawing hack thi 
llraw, and of feparating it from the grain that remains un- 
derneath. In order to tread the nee iliey Uy it on the 
ground in a ring, fo as to leave a void circle in the middle. 
The Arabians, fays the latter writer, in threfbmg their 
corn, lay the (heaves down in a certain order, «nd then lead 
over them two oxen, dragging a large (lone* They ufe 
oxen in Lgypt> he adds, as the ancients did, to beat out 
their corn by trampling upon the (heaves, ai^d dragging 
after them a clumfy machine. This machine if not, as in 
Arabia, a llonc cylinder ; nor a plank with (ham Hones, as 
in Syria ; but a fert o. (ledge, confiding of three rollers, 
fitted with irons which turn upon axUs. A farmer choofes 
out a level fpot in his fields, and has his corn carried thither 
in (heaves upon aiTes or dromedaries: two oxen arc then 
yoked in h ll ge ; a driver gets upon it, and drives them 
backwards and forwAuls, or rather in a circle upon the 
iheaves, and frcfli oxen fuccccd in the yoke from time to 
time. By this operation, the chaff is very much cut down ; 
the whole is then winnowed, ^nd the pure grain th^is fept- 
rated. Something of the like kind alfo obtained among 
the Romans, under the denomination of piaiiflrat of which 
Virgil makes mention. Georg. I. 

Tardaque Eluftna matrh vohentla plavjlra^ 

Trihulaque^ trabe^qve 

On which oervius obltrvcs, that trahea denotes i cart 
without wheels, and irihula a fort of cart armed on all fidci 
with teeth, ufed chiefly in Africa, for thfLlhing com. 
The Septuagint and St. Jerom reprefent thefe carts as fur- 
nifhed with faws, infomuch that their furfacc was befet 
wdth teeth. David having taken Rabbah, the capital of the 


Ammonites, ordered all the inhabitants to be crufhed to 
pieces under fuch carts, moving on wheels fet with iron 
teeth ; and the king of Damafeui is faid to have treated 
Ifraelitcs in the land of Gilead in the fame manner. 
2 Sam. xii. jx. Amos. i. 3. Calm. Dia. Bibl. tom. i. 
p. 366. 

CART, in Agriculture^ is a carriage or vehicle conffruded 
with two or more wheels, and drawn by one or more horfes. 
It is employed for the purpofe of conveying manure, hay, 
grain, and various other articles which arc conneaed with 
the farm. Carts arc made of different forms and dimcnfions, 
in fomc diftrias according to the nature of the materials they 
arc intended to carry, and the ufes to which they arc ap- 
licd ; but by fuitable contrivances they may be eafily con- 
ruaed, fo as for the fame cart to ferve different ufes. In 
the more fouthern pans of the kingdom this is moftly the 
cafe, by which there is not only a confiderable faving, in 
fewer carts being wanted, but Itkewife in hfs room being 
taken up by them in the (beds or houfes where they arc kept. 
In thefe fituations they are moftly formed in a clofe manner, 
having ladders or other fimilar contrivances applied when 
they are wanted to convey any of the more bulky forts of 
materials, fuch as hay, ft raw, &c. 

It is obvious that the chief objed in the conftrudion of 
carts fhould be to adapt the wheels and axle in fuch a manner, 
that the power may be applied in the moft favourable direc- 
tion for draught, and that the carriage may move with the 
leaft poffiblc force. In this view the height of the wheels 
(hould likewife be well adapted to that of the animals which 
arc employed in drawing them ; but the exaft heights which 
are the moft favourable under different circumftances have 
not yet been fully (hewn by any trials that can be fully dc« 
pend&d upon. There is likewife another point which ought 
to be particularly confidered in the making of farm*cart8, 
which IS, that they arc not more heavy than is ncccffary ; 
which is too often the cafe in the fouthern parts of the 
idand. It has been remarked that the large heavy carts and 
waggons, which are fo common in the fouthern diftrids, 
are not only reprobated, but almoll wholly in difufe in thofe 
of the north, where fmali carts are in general ufe. Though 
there cannot be any doubt but that carts muft vary in their 
forms, fizes, and modes of conilrudion, according to the na- 
ture and fituation of the roads, and many other local circum- 
ftanccs ; yet for the purpofes of farming, efpecially in field 
work, probably thofe of the light, fmgle, and two horfe kind 
may in genet al he the moft advantageous, convenient, and 
ufeful. 

It has been obferved, in the twenty* feventh volume of 
the Annals of Agriculture, by lord Robert Seymour, that* 
** the advantages of fingle-horfe carts are, he believes, uni- 
verfally admitted, wherever they have been attentiveljr com* 
pared with carriages of anv other defeription. By his own 
obfervation he is led to think that a horfe, when he ads 
fingty, will do half as much more work as when he ads in 
conjundion with another } tbatis to fay, that two horfes will. 
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repairattly» do as imicli work as three conjini6lively ; thia 
arifes, he bclievcSt in the firft place, from the Tingle horfe 
being To near the load he draws ; and, in the next place, 
from the point or line of draught being fo much below his 
brcalt, it being nfnal to mjke the wlieels of Angle horfe 
carts very low'. A horfe harnefTed Angly has nothing but 
his load to contend wiih, wlicreas when he draws in con- 
jundlion with another, he is generally cmbarraiFed by fome 
difference of rate, the horfe behind or before him being 
quicker or Aowtr than himfclf ; he is likew'ife frequently in- 
convenienced by the greater or leffcr height of his neighbour : 
thefe confide rations give, he conceives, a decided aovantage 
to the fort of cart he is recommending.” If any other is 
wanted, that “ of the very great eafe with which a low cart 
is Ailed may, he fays, be added : as a man may load it, with 
the help ot a long handled (liovel or fork, by means of his 
hands only ; whereas, in order to All a higher cart, not only 
the man’s back, but his arms and whole peiTon mud be 
exerted.” To the ufe of Angle horfes in draught he has 
heard no objeflion, unlefs it be the fuppofed necedity of 
additional drivers created by it : the fadl however is, that it 
has no fuch efFc£f ; for, horfes once in the habit of ^oing 
Angly, will follow each other as uniformly and as iteadily as 
they do w'hcn liarnefled toj^ ether ; and accordingly we fee, 
fays he, on the moft frequented roads in Ireland, men 
coridufling three, four, or Avc, Angle horfe cars each, 
without any inconvenience to the paffengcr ; fuch likewife, 
is the cafe in this country, in which lime and coal are ge- 
nerally carried upon pack-horfes, where one man manages 
two or three, and fometimes more.” And in a preceding 
volume of the fame work, Mr. Young is decidedly of the 
fame opinion, which he clearly Aiewsto be founded in truth, 
by enterinff into a variety of difcuflion in rcfpe6l to the 
oints in wnich they arc preferable to tumbrils or wraggons. 
n the northern diftridis they iifually draw in thefe carts 
from twelve to twenty-four hundred weight, and where the 
roads are good, occafionally thirty, with much eafe and 
facility. 

And Mr. Donaldfon, in his view of the Prefent State 
of Hufbandry in Great Britain,” feems to think that, for 
carrying on the ordinary operations of huibandry, carts 
drawn by two horfes are greatly fuperior to large, cumber- 
fome^ unwieldy waggons, that require four, Ave, or Ax 
horfes to move them along. It has of late,” fays he, ** been a 
fubjed pretty, much agitated, whether Anglc-horfc carls arc 
not to as great a degree fuperior to thofe drawn by two 
horfes, as thefe have been reprefented to be to waggons. 
Single-horfe carts arc certainly loaded an'd unloaded with 
much Icfs trouble, and are in every way more eaAly managed, 
efpecially when carrying out dung, or when ufed for doing 
any odd jobs on a farm.” It has ^fo been found, from long 
experience and the mod attentive obfervation, that ** one 
horfe will draw, on any road, tvro-thirds of the load that 
two horfes, drawi^ in a line, and of equal power, are ca- 
pable of cloing. The carters of the town of Falkirk, in 
8tirling(hire, for example, have long been famous for the 
great weights drawn by their carts. Before the navigable 
canal between the Forth and Clyde was made, the whole 
goods tranfported to and from Gfafgow, and the ports upon 
the Forth, were,” fays he, ” drawn upon one and two^borfe 
carts belonging to thefe carters ; the mod expert of whom 
have long given the preference to carts drawn by one horife, 
as ’they experience no difficulty in carrying upon a cart, 
drawn by a fingle horfe, from Borrowdounnefs to Gltfgow, 
a didance of upwards of thirty miles, and of indifferent road, 
from twenty to thirty-five burred weight.” It is, he ob- 
ierves, further worthy of remark, that ^ at the great iron- 


work at Carron, the eompnny engaged in It formerly made 
ufc of waggons and waggc>ii.ways, to wheel their coals and 
other heavy articles upon ; but have entirely laid afide the 
ufe of them, and on principles of economy, employed car- 
ters with Angle-horfc carls to tranfport the heavy articles 
which they require.” 

In the agricultural report of Northumberland it is like- 
wife remarked, that ” Angle-horfe carts arc becoming more 

J rcvalent in fcvcral parts of that county ; and that Mr, 
ames Johnfon, a common carrier at Hexham, has a hoiie, 
Axteen hands high, that commonly carries from Hexharii to 
Ncwcaftle 24 cwt , and ao cwt. back again ; and there arc 
indances of his having carried 26 cwt. from Newcallle to 
Hexham, which is a very banky. heavy-pulling ro:id.” It is 
alfo further noticed that “ the neated, mod iifeful, and Left 
contrived carls wc know, arc thofe made in many parts of the 
North-Riding of York/hirc. The Angle-horfe carts of this 
condruftion, ufed for carrying coals from the county of 
Durham into Yorkfliire, are 60 inches long, 36 inches 
wide, and 18 deep, hold 24 buihels of coals, when fet round 
the Tides with large ones and upheaped. A man, or boy, 
drives three of thefe, two of which are equal to the greated 
quantity ever carried by three horfes.” Mr. Charge of 
Newton, fends three of thefe carls for coals every day, which 
bring 72 budicls, the didance of 26 miles, there and back, 
which is performed in 12 hours by one man. The fame 
gentleman’s two-horfc carts bring 36 budicls of the fame 
coals. 

And in the agricultural furvey of Cumberland, the writers 
fay, “ the advantages of Angle-horfe carts are fo well un- 
derdood in this county, that wc did not fee any other ufed. 
Three Angle-horfe carts arc driven without any difficulty, 
by a man, or boy, or even women and girls.” 

The author of the Agricultural Report of Mid Lothian, 
dates, that “ the wheel-carriages employed in hufbandry 
arc only the clofc-cart and the corii-cart, both of alight 
condruftion, drawn by two horfes, and of late by one. 
The large wains, or heavy four-horfe waggons, employed 
in Englifh hufbandry, are difearded there. Two horfes in 
a carl arc commonly loaded with 18 or 20 cwt. One horfe 
draws dill morccafily 12 cwt.; even 24 cwt. is frequently put 
on a Angle horfe ; and 30 cwt. on good roads is not uiicoin. 
mon.” And that “ the Ard fort of cart has lately been much 
improved : when placed on its axle, the bottom at each fide 
projeas over the inner head of the naves as far as nearly to 
touch the fpokes of the wheels; from which acquired 
brwdth the capacity is enlarged ; while the fide-dandards, 
being brought nearer to a perpendicular, arc able to fudain 
more weight.” The dimenfjonB arc, the length Ave. feet 
three inches ; the breadth below, four feet ; the breadth 
above, four feet three inches ; the depth, one foot three 
inches 5 containing about a cubic yard. The price of a 
cart, painted, il. i js. not including wheels, axle, or mount- 
ing, which may amount in all to feven or eight pounds 
more. The wheels are generally 52 inches high, the axle 
commonly of iron, from an idea, that, in the end, it is more 
economical to have them fo : for it is not found in prance 
that iron axles arc either more or lefs difficult to draw, al- 
though not half the thicknefs, of thofe of wood/' 

Itlias been fuggeded on the ground of much experience» 
that, in condrurang carts of this fort, the capacity of wag- 
gons is hr no means an accurate rule to proceed by ; as on 
finding that they contained in the bed, or iucit ninety-fix 
cubical feet, being twelve feet long, four feet wide, and two 
feet in depth ; it was fuppofed that to give one horfe the 
fourth part of the load otfour, it would only be neceflkry 
to let the cart have the fpace of twenty-four cubied feet, or 
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te make it four feet by three, with the depth of two ; but 
from the vaft fuperiority of horfes working fingly,ovcrthofc 
in teams, it was foon difeovered, that they required to be 
very confidcrably enlarged, admitting of having the dimen- 
fions of five feet one inchun length of bed or buch^ three feet 
feven inches in breadth, with two feet in depth ; fo as to 
contain thirty-five cubical feet and a fradion. This, there- 
fore* affords a further ftriking proof of the great fuperiority 
thefe fniall carts have over thofe of the large kind, in the 
quantity of work which they arc capable of performing. 

In fpcaking of the advantage of having low cad-iron 
wheels, it is remarked by lord Seymour, in the paper juft 
mentioned, that “ the price of iron, caft into wheels, is 
»68. per cwt.i and the, weight of each wheel about three 
quarters of a cwt. Tw^o inconveniences only, he believes, 
have been found from the ufc of low call iron wheels : the 
firft is, that caft-iron is very liable to breakage, upon con- 
cufiibn ; the next is, that the courfe of fo fmall a diameter 
creates a veij quick confumptioii of greafe. 'I'he firft of 
thefe objedions is in a degree removed by the cafe with 
which the rim of the wheel is repaired by the application of 
worked iron, which being joined to it by a rivet, the uheel 
acquires fome little elafticity, and thereby becomes perhaps 
ftronger than when it vras new. In order that the fupply 
of greafe may keep pace with the confumption, he has in- 
troduced four grooves, or cavities, in the boxes, increafing 
a little towards their centres ; and in order to defend the 
axle-tree, which confifts of worked iron, againft the harder 
body of the box, he has Heeled the extremity of it.” 

Thefe fmall carts arc confidered by many, from adual ex- 
perience, to be better adapted to the carrying of all forts of 
materials except thofe of the very bulky kinds, and fuch as 
trees, blocks of Hones, 6cc. the weights of which might in- 
jure them, and which cannot from their nature admit of 
divifion. In all hilly diftrids where the roads are of an in- 
ferior kind, and tlie inhabitants poor, thefi^aicthe carta 
that are in moft general ufc, and which are found the inoft 
advantageous. The fuperior goodnefs of the roads in fome 
of the northern parts of the kingdom have likewife been af- 
cribed to the ufe of thtfc kinds of carts, as la^c carriages 
of all forts that require the wheels to be lockco in defeend- 
ing hills, arc the dcllrudion of roads. 

By the author of the New Farmer’s Calendar it is ftated 
tbat^*‘ of the great faving to be made by one-horfc carts 
there can be no doubt, lince it has been experimentally 
proved, and was moreover, eafiiy to be difeovered from juft 
theory. More weight may be drawn by fix horfes in fo 
many carts, than by eight in a large waggon •, and one man 
may manage two carts in the country.” There are, how- 
ever, he thinks, ” fome peculiar inconveniences attendant 
upon this plan, which arc fufficienily obvious ; and, fays he, 
notwithftanding it has been, for years patt, fo warmly re- 
commended by very powerful pens, it never has, nor pro- 
bably ever will be, rclifticd by the generality of farmers.” 

After this view of the nature of carts in general, and of 
p.rticul.t advantage, of finglc-horfe cart . } it way be 
ufeful to deferibe the different forts of carts that are employed 

intbebufincfsofhuJbandry. 

Cloje carl, a name given to .11 fnch carts as have no lad- 
der*# rails# or wings# attached to them. They are made 
clofe by board., and wodly employed in conveying dung, 
•Travel, earth# or fuch other materials as have confiderable 
weight, in a fmall compafs. By the Bwlication of wings 
or fadderstothem, thw are however, frequently n«de to 
ferve the double purpofe of conveying heavy clofe mattew 
at well «» thofe of a light bulky nature. I his fort of cart 
is itprefcnted at/g. 3 # Plate HI. of jlz^adtuct. 


Com cart^ is that fort of cart which is only placed occ?'.- 
fionaliy on wheels, for cariy^ing hay, corn in tnc flraw, or 
other light bulky articles ; carts of this kind are generally 
compofed of ftandard rods, and fpars, without deals, bur. 
broader and much longer than the clofe cart, that they may 
hold a more bulky load. They coft from 208. to 303. in 
Scotland, but in England they arc confidcrably higher. 
They are commonly employed in the northcni parts of the 
kingdom for carrying hay, grain in the llraw, and other 
fimilar bulky materials. A cart of this fort is flicwn at^. 
4. Plate 111 . 

Coup cartf a cart of the clofe kind, fo denominated from 
the body-part rtlling on a fort of frame, to which it is kept 
by means of ftapLs, or other contrivances, through which 
a call-bar, or voodcii pin, is put, by which it is confined, 
and wh th can be readily removed when the load is to be 
cither partially or wlioll) difeharged. Carts of this fort are 
generally ufed in putting dung upon land, and are conve* 
nient for manv other purpolcs in hufbandiy. Sec Jig. 3. 
Platt III. ' 

Drag cart, a fort of cart invented by lord Sommcrvillc, 
which is conftriifled wit!» a drag, or fome other contrivance, 
for checking, or regulating the rapidity of the motion in 
going down liilh, or other d<ielivitie8. A full account of 
this cart has been given in the fccond volume of ‘'Communi- 
cations to the Board of Agriculture.” At fg, 5. in Plate III. 
is a pcrfpc6ti\e view of a cart of this fort to be drawn by 
two llrong oxen, by a pole, yoke, and bows, made to 
cany 45 cwt. In the front of this Jigure is reprefented the 
method which his lordlhip has contrived for adjufting the 
pofilion of the centre of gravity of the load, to prevent its 
prefling too much on the cattle in going down hill, the 
front of the cart being tlcvated by means of a toothed rack 
ferewed to the front of the cart, and worked by a pinion, 
and the handle, immediately conneAcd with the pole, e. 
By means of this pinion and rack, the front of the carriage 
is elevated more or lefs, in pioportion to the declivity of the 
hill, by which means the weight of the load is made to bear 
more on the axis, and lefs on the necks of the oxen. — On 
the fide view of this cart is reprefented the manner of apply- 
ing the friftion-drag, which is made to prefs more or lefs 
on the fide of the wheel, according to the ftcepnefs of the 
defeent : — bb is the fridion-bar, or drag, the one end of 
which is connefted with the tail of the car! by a fmall chain, 
and the other end to the front, by means of a toothed rack, 
b^t which catches on a ftaplc in the front of the cart, by 
which the fri£tion-bar may be made to prefs on the fide of 
the wheel, more or lefs, at the difcrction of the driver : the 
notches or teeth in this rack, it is obferved, fliould be as 
clofe to each other as circumttances will permit. And in 
this repreftntation, the friftion-bar i?, he remarks, applied 
lower upon the wheel than was at firft propofed, in order to 
divide the preffure and Trillion more equally on the oppofitc 
fidcs of the wheel, fo that the prelfurcon each is dimimlhcd, 
the rifle of over-hcatiug and deftroying the friflion-bars it 
alfo rendered lefs, than if the wdiole prtffure was applied in 
one point on the top of the wheel. The weight of the 
iron- work of this cart is 2 cwt. 20 lb. This is unqucllion- 
ably an ufeful contrivance for hilly diftrifts. At jfg* 5 * 
the fame Plate^ is a fide view of a cart of this kind of a 
fnialler fizc, to carry 25 cwt. and to be drawn by fteers, or 
fmall oxen, with the fridion-drag, bbf out of ufc; and rc- 
prefenting another and more fimple method of adjufting the 
cootre of gravity of the load to the declivity of the defeent : 
ab it part of the arch of a circle, whofe radius is nearly equal 
to ita dillance from the axis of the cart, and having fevcral 
holet in it, through which a ftrong iron pin is put, to keep 
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the fco^y of the c»it at any dcfircJ inclination \vith the 
pule :^Ct a fmall chain to prevent the hotly of the cart being 
thrown too far back, through the carelefrnefs of the driver 
in adjuring it : — dch the upper ftage of the cart, for car- 
rying bulky loads — The weight of iron in this cart is i cwt. 
,^olb. This is a very ufeful,neat, light fort of cart for many 
pu^ofes. 

The advantages of the fridion-drag, and other contri- 
vances in this cait, according to the ingenious account of 
Mr. Gumming,' contained in the fame volume, arc, 

“ I. Ttic method, wliicli is equally limpleand expeditious, 
of adj lifting the centre of gravity of the load, fo as to have a 
pi-opcr bearing on the horfes or cattle in going down hill, 
the advantage of which mnft be obvious to every man of 
fcience, more cfpt'cially with bulky loads, in which the 
centre of gravity lies high. 

2. The method of applying fri^^ion to the fide of the 
wheel to regulate the motion of the carriage in going 
down hill finftead of locking the wheels), the advantages 
of which method appear to be as follow: namely, ift. 
The preffure and degree of fridtion may with great expe- 
dition be adjiifted to the fteepnefs of the declivity, fo that 
the carriage will neither prefs forwardi nor require much 
exertion to make it follow the cattle, idly. The fri<E^ion 
is fo applied, to the wheel, that a given prefTiire will have 
twice the effed in retarding the progrefs, that it would 
have if immediately applied to the body of the carriage, 
or to the axis : and by applying the fridion on both 
fides of the wheel, the rifk of heating and deftroying the 
fridion-bar is much lefs than if the fame degree of fric- 
tion was applied in one place, ^dly. This apparatus is 
fo conveniently placed, that it can be inftantly applied or 
adlufted, without (lopping the carria^, or expoiing the 
driver to the fame danger as in locking a wheel. And, 
4thly. Thisufeful contnvance, in which he fays fimplicity 
and ingenuity are fo happily blended, will aflTume yet 
greater importance when applied to both the hind wheels 
of waggons, by which means the refiftance may always be 
proportioned to the fteepnefs of the defeent, the tearing 
up of the road prevented, the unneceffary exertion of the 
cattle in drawing the locked carriage down hill avoided, 
the danger to which the driver is lometimes expofed in 
locking the waggon wheel totally avoided, and the time 
now loft in loc^ng and unlocking the wheel faved to 
the proprietor.’’ Thefe are certainly advantages of much 
importance in many diftridls where the roads are hilly. 

7 ^ views of carts 

to be drawn by a Gngle horfe, by (hafts. By an attentive 
comparifon of thofe drawn by (hafts, with thofe that are 
drawn by the yoke and bows, the fuperiorjty of the pole 
to the (hafts, and the advantage of making the cattle to 
draw by the yoke in preference to drawing by the forehead, 
become evident. When cattle draw by the (hafts, fays his 
lord(hip, the one before the other, it is impoifible for the 
driver to know that each exerts an equal force, fo as to 
contribute equally to the draught; but when they draw 
by the pole and yoke, the point of draught being in the 
middle #f the yoke, when the beads draw equally, %e yoke 
will ftaiid fquare with the pole, and the pofttion of the yoke 
will always enable the driver to difeover the defaulter, and 
to bring nim to a proper exertion : it is, he fays, this har- 
mony of draught, and equality of exertion, that gives fo 
great advantage to drawing by the yoke, that it isfcarcely 
poiftble to (ay what weight of load two good large oxen 
draw on a level roao.” The powers of cattU draw- 
ing by the forehead, on lord Shannon’s eftate, are recorded 
by Mr. Young and Mr. Billiogfley :--<aa ox of the late 


Mr. Tatterfall, near Ely, drew four tons of wood on a level 
furfaec without apparent difficulty. What then, fays he, 
** might not be expeded from the equal exertion of tvio 
fuch powerful animals, adincr at the equal ends of the fame 
yoker' Notwithftanding thtfe judicious obfervations, further 
trials arc wanting with refped to the beft modes of 
draught. 

Hay Cart ^ a cart made ufc of for conveying hay from the 
field ; it is conftruded in the fame way as that made ufc of 
for corn. See Corn Cart* 

^arry Cart, is a ftiff, ftrong fort of cart, employed in 
quarries. Carta for this purpofe arc varioiifly conftruded, 
according to the nature of^ the materials to be conveyed by 
them. When flat ftoncs of great length and breadth are to 
be carted, they (hoiild be low, for the convenience of loading 
and unloading, and at the fame time very (irmly put toge- 
ther. 

It is dated in the Agricultural Survey of the County of 
Perth, that Mr. Mylnc, of Mylnficld, employs a cart of 
a particular conftrudion in his quarry of Kingoodie, which 
merits the attention of thofe who have works of a fimilar 
nature. This cart has a bend in the axle, which brings it 
within fourteen inches of the ground, although moving on 
wheels more than five feel high. The eafe with which it is 
drawn, loaded, and unloaded, is fuperior to the common cart, 
in the proportion of 7 to 5.” It is feen at A. 9. in 
Plate III. He alfo ufes in this quariy “ a cart for carry- 
ing very large ftones, fuch as mili-(tonc8, &c. which is 
drawn as cafily upon wheels of two feet two indies in height 
as upon wheels of a greater diameter. In this cart the axle 
is only about five feet long, fo that the wheels run imdet the 
body of the frame, which is flat, and may be made of any 
breadth or length required.’’ 

Single horfe CarU that light fort of cart in which only 
one horfe is employed. The term is made ufc of to diftin- 
guiih them from thofe of the large kind, in which three, four, 
or even a greater number of horfes are made ufe of. Carts 
of this fmall conftruftion arc extremely ufcful for all the 
various little purpofes of cartage about the farm, as has 
been fully (hewn above. Sec Jige, 3. 7. and 8. in Platelll, 

Three wheel Cart, a kind of cart that is conftruded 
with three wheels, one being commonly placed in the middle, 
before, and generally of a fmaller fixe. Carts of this fort 
are moftly clofe, and iifcd when great quantities of earth 
or other materials arc to be conveyed at once to fomc dif- 
tance. 

Carts, laws relating to* By jj Geo. III. c. 78. no 
cart, having the folc or bottom of the fellies of the wheels 
of the breadth of nine inches, (hall be drawn with more 
than five horfes ; and no cart, having the faid folc the breadth 
of fix inches, (hall be drawn with more than four horfes ; 
and thofe of Icfs breadth than fix inches (hail not be drawn 
with more than three horfes, under a penalty on the owner 
of 5I., and on the driver (not being the owner) of los. for 
every horfe above the ftipulatcd number : the information 
to be laid within three days and the a^ion commenced 
within one calendar month after the offence committed. 
Exceptions arc admitted in favour of carriages, moving 
upon wheels or rollers of the breadth of i6 inches on each 
fide, with flat furfaces, and fuch as juilices allow by licence 
to be drawn up fteep Kills, or on roads that arc not turn- 
ikes, or in deep fnow or ice, or carrying any one ftonc, 
lock of marble, cable rope, piece of metal, or ammuni- 
tion and artillery for his majefty’s fervice. Two oxen or 
homed cattle are confidered in the contemplation of this 
aA, as one horfe. Moreover it is enaAed by 6 Geo. I, 
c. 6. that no perfon in London and WeftminHer, or within 
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(liall catry at one load iu carts or wai^gons having 
tlii'ir wheels (hod with iron, more than 12 f^ick * of nual of 
five hufhels each, nor more than 1 2 quarters of malt, nor 
more than 750 bricks, nor more than one chaldron of coals, 
on pain of forfeiting any one of the horfes, with geers, 
bridles, &c. And by 18 Geo. II. c. 3.3. wheels of every 
cart, car, or dray, within the bills of mortality, fliall be fix 
iuchea broad in the felly, and not wrought about with iron, 
nor be drawn with more than three horfes, after they arc 
up the hills from the watci fide, under a penalty of -^os. ; 
but this aft docs not extend to any country cart or waggon, 
that fhall bring any goods, or Hiall carry any goods lialf a 
mile beyond the paved ilrcets of the faid cities and places. 
Any perfon, within the faid limits, iifing any cart, car, or 
dray, having the wheels full fix inches broad, when worn, 
may have the fame bound round with tire of iron, provided 
it be fix inches broad, and made flat, and not fet on vuith rofe- 
beaded nails. No perfon (hall drive any cart, within the 
faid limits, unlcfs the name of the owner, and number of 
fuch cart, &c. be placed in fomc confpicuous place of the 
cart, 8 cc. ; and his name be entered with the commillioners 
of hackney-coaches, under the penalty of 408. and every 
perfon mayfeize and detain fuch cart till the penalty be 
paid. On changing property, the names of the new owners 
are to be affixed, and to be entered with the commiflioners 
of hackney-coaches, 30 Geo. II. c. 22. And flat. 24 Geo. 
III. ft. 2. c. 27. compels the entry of all carts driven 
within five miles of Tcmplc-bar, By 13 Geo. III. c. 78. 
§. II. a perfon, who leaves any cart or other carriage, &c. 
in any high- way, beyond the reafonable time allowed (or 
loading or unloading, fo as to obftrttft the paftage of any 
other carriage, 5 cc. (hall forfeit 10s. By i Geo. flat. 2. 
c. 57, by 24 Geo. II. c. 43, and, more generally, by 13 
Geo. III. c. 78, it is enafted, that if the driver of any cart, 
car, dray, or waggon, (hall ride upon any fuch carriage in any 
ftreet or highway, not having fome other perfon on foot or 
on horfeback to guide the fame (fuch carriagtt as are con* 
d lifted by fomc perfon holding the reins oJ the fcorfe or 
horfes drawing the fame excepted) ; — or if the driver of any 
carriage whatfoever, on any part of any ftreet or highway, 
fhall by negligence or wilful mifbehaviour cauCe any hurt or 
damage to any perfon or carriage paffing or bcin|[ iipon fuch 
ftreet or highway ; — or (hall quit the highway and go on the 
other fide of the hedge or fence inclofin^ the famei or wil- 
fully be at fuch diftance from fuch carnage, wHilft it (hall 
be pairing upon the highway, that be cannot have the di- 
reftion and government of the horfts or cattle drawing the 
fame : or (liall, by negligence or wilful mi(bchaviour, pre- 
vent, hinder, or interrupt the free pafi’aj’c of any other car- 
riage, or of his majelly’s fubjefts, on the faid highways ; 
or if the driver of any eo'pty or unloaded waggon, cart, or 
other carriage (hall rtfnfe or negleft to turn afidc and make 
way for any coach, chariot, chaife, loaded waggon, cart, 
or other loaded carriage ; or if any perfon (hall drive, or aft 
28 the driver, of any fuch coach, poft chaife, or other car- 
riage let for hire, or waggon, wain, or cart not having the 
owner’s name (as by this aft is direfted) painted thereon, 
or (hall rtfufc to difeover the true chriftian and furnamc of 
the owner of fuch refpeftive carriage ; he (hall on conyiftion 
by confeffion, view of the juftice, or oath of one witnefs, 
before one juftice, forfeit any fum not exceeding i^s., in 
cafe fuch driver be not the owner of fuch carriage ; and if he 
be the owner, then any fum not exceeding 208. ; and in de- 
fault of payment be committed to the boufe of correftion for 
any time not exceeding one month, unlcfs the fame be 
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footierpaid. And every fuch driver olFending in either of 
the faid cafes, may by authority of this aft, with or without 
any warrant, h* apprehend. <1 l>y any perfon who fliall foe 
fuch <jft‘ence comrr.iiltd. and (hall be immediately conveyed 
or delivered to a coullulile or other peace ofliccr, to be con- 
veyed before a juflicc, to be dealt with according to law. 
And if any driver, in any of the cafes aforefaid, (liall rcfiife to 
difeover his name, the juftice may commit him to the houfc 
of correftion for any time not exceeding three months, or 
may proceed againft him for the penalty by a dcfcriptioii of 
bis perfon and the offence, and cxpafTing in the proceedings 
that he refufed to difeovtr Ids name. 

And for the better difeovenng of offenders, the owner 
of every waggon, wain, or cart, and alfo of every coach, 
peft chaife, or other carriage, let to hire, fliall caufe to be 
painted, upon fomc confpicuous part of liis waggon, wain, 
or cart, and upon the pannels of the doors of all fuch 
coaches, poft chaifes, or other carriages, before the fame 
(hall be uftd in any public highw*ay, his chriftian and fur- 
name and place of abode, in large legible letters; and con- 
tinue the (ame thereupon fo long as fuch carriage fliall be 
ufed upon any highway: and the owner of every common 
ftage w^aggon or cart (hall, over and above his chriftian and 
furnamc, caufe to he painted on the part and in the manner 
aforefaid, the following words, common Jlage waggon or cart^ 
as the cafe may be. And every perfon ufmg any fuch car- 
riage as aforefaid upon any highway, without the faid 
names and deferiptions refpeftively, or caufing to be painted 
thereon any fiftitious name or place of abode, (hall forfeit 
not exceeding «;1. nor lefs than 20s. 

“ Taxed carts,” conftrufted, kept, and ufed under the 
regulations of the flat. 43 Geo. III. c. 99, arc exempted 
from the annual duty of 5I. 3s. charged for carriages with 
Icfs than four wheels and drawn by one horfe. Such car- 
riages are thus deferibed: they (hall be built wholly of 
wood or iron, without any covering other than a tilted 
covering, and without any lining or iprings, made of iron, 
wood, leather, or other materials, and with a fixed feat, 
without (lings or braces, and without any ornament what- 
ever, other Uian paint of a dark colour, for the prefervation 
of the w'ood or iron only, and which (hall have the words 
** a taxed cart,” and the owner’s chriftian and furnamc and 
place of abode, marked or painted on a black ground in 
white letters, or on a wbif.e ground in black letters, on the 
outfide of the back pannci or back part of fuch carriage, in 
words at full length, and of a breadth in proportion, and 
the price of which (repairs excepted) (hall not have exceed- 
ed, or the value thereof (hall not at any time exceed the 
fum of 12I. ftcrling. For fuch a carriage kept by any per- 
fon for his own ufe, awd not for hire, the annual duty to be 
paid is il. 48. The extmption from all duties fpecified in 
the forefaid aft extends to any cart kept to be ufed wholly 
in hufbandry, or in the carriage of goods in the courfe of 
trade, and whereon the name and refidence of the owner, 
and the wordp “ common ftage cart” (hall be legibly paint- 
ed ; although the owner, or his or her fervant, (liall occa- 
fioiially ride therein or thereon when laden, or when return- 
ing from any place to which, or when going to any place 
from which any load (hall have been or (hall be to be carried 
in fuch carriage^ or for conveying the owners thereof or 
their families to or from any place of d«ine wor(hip on 
Sunday, or on Chriftmas-day, or on Good Friday, or on 
any day, appointed for a public faft or thankfgiviag, or for 
carrying perfons going to or returning from the cleftion of 
members to ferve m parliament. 
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Casting, in Foumkryt is the running of a melted metal 
into a mould prepared fur that purpofe. 

T’he great importance of a knowledge of calling to a 
mtchanic, on account of the vail quantities of call-iron now 
ufed in machiutry, has induced us to give a particular de- 
fcription ol this branch of the founder’s art. 

There are three forts of cafting, f. open /and cajling ; 2. 
fnnd cajllng between finjhs ; and j. lonm^ca/iing ; in mod of 
which, an exa^ pattern, ufually of wood, of the fubje£l to 
be cad, is given to the founder. 

I. Mod articles, every part of whofe furface on one fide 
is in the fame plane (which we will call the horizontal plane), 
and every parallel ledlion of which is of the fame fizc in 
rvery part as the horizontal plane, or condantJy decrealing as 
they recede down w’ards from it, and the edges of all which 
fcdlions fall within perpendiculars, let fall fiom the edges of 
the plane immediately above it, may be call in open fand : 
becaufe, as the founders exprefs it, every fuch pattern will 
lift out of the fand, whtrein it has been imbedded as deep as 
its upper or plane fiTrface, to form the mould for the metal. 

The floor of every foundery is for many feet deep compofed 
of a loamy fand (of which great quantities are brought to Ton- 
don from near Woolwich) fo that deep pits may be dug, to 
bury large moulds in. (See Foundery). An example of open 
fand-caliing is fhe-wn in Plate of Ct^iing^Jigs, i and 2, w'hich 
reprefent the arms of a large wheel, the rim of which is to be 
ferewed on by the launches a. Jig, i. ; bb\% the arm; d 
is a rib call with it to flrcngthcn it, the other fide of the arm 
muil be plain ; e is the opening through which its (haft is to 
pafs. In the place where the mould is to be made, a layer 
of fand, edf Jig. is lightly fprinklcd through a fieve on 
the floor, and the pattern A is prefled down into it, perfe< 5 lly 
level ; the next operation is (hovelling the fand up all round, 
level with the top of the pattern, and ramming it down, 
with a tocl,^^. 4. ; a fponge is then ufed for (lightly wet- 
ting the fand all round the edges of the pattern to make it 
ad^re together ; the next * operation is lifting the pattern 
out of the (hnd by one or more ferewa,^. ferewed into 
the wood ; if the pattern i^ fmall, this is done by one or 
more men, but in very large works it is done by a crane ; 
the cores for the bolt holes through the fiaunches, 4, it, J - 
arc made by flicking pieces of dried clay in the fand in the 
proper places, and the core for the hole e, made of clay, is 
alfo fet in its place ; the workman then ufes a pair of bcl 
lows for blowing away any fmall pieces of fand which may 
have fallen into the mould. It is now ready for filling with 
metal 5 in' fmall works this is done by ladles, and in large, by 
fmall ditches made in the fand, from the mould to the mouth 
of the furnace : when the mould is filled, the metal is co - 
vered up with fand to keep the air from it. 

II . oand-ce^tng between flaiks is ufed for thofe articles 
which if they were cut into two or more pieces (provided 
the cutting planes were parallel to each other) each feparate 


piece might be call in open fand. A fpecimen of this fort 
of calling is flicwn in Jig, 6, which is an endlcfs ferew and 
fpindle, often compofed of call iron. AB and CD are 
frames called flafles, with four handles, e, d^ e,f , to lift by ; 
4, by /, my are iron points fitting into holesg, hy r, in the other 
fla(k CD, for afcertaining when they fit each other. The 
under flaflc C D is let upon a board, filled with fand, and 
the fame is rammed tight into it.: the w'orkman then 
takes the pattern £ F, and preifes one half of it into the 
fand, and imooths the fand up to the Tides of the pattern witk 
a trowel,^. 3 ; he then fets the empty fla(k, A B, over the 
other, C D, putting its points 4, by /, m, into the holes 1, k ; 
and after Ipriiikling fome fand which has been burnt over the 
fand in the under flafk, he fills the upper one with fand, and 
rams it down ; he next with a piece of wood, put through 
the fand in the upper flafle, makes a hole (hewn at to 
pour the metal through ; the upper flafle, A B, witfi the 
land in it, is then lifted off by men, or in large works, by a 
ciane, and the pattern, E F, lifted out ; the flalk, A B, it 
then put on again, and heavy weights are laid on it to keep 
it down, ready for calling. It mull be obferved, that at 
every higheil point of large moulds a fmall hole mud be 
made through the fand in the upper flaik, to allow the air 
to pafs out of the mould when the metal is poured in. 

Figs.jy 8,9, and jo Ihew the manner of calling a cog-wheel 
with eight arms, all of which are ribbed on both Tides. 
The pattern is laid upon a board with the face (hewn in 
7, upwards; an empty fla(k is laid upfide downwards 
over the board and pattern ; it is filled with fand and 
rammed tight ; a plain board is then laid upon the flaik, 
and two men turn it over, bringing the pattern to the top, 
as (hewn in Jig. i o ; the workman with a fmall trowel, 
JS’ 3> of tkc A A, 

Jig, 10, between each arm, leaving it level with the 
tops of the ribs, a b, c dy Scc.Jg. 7 ; into each of the fpaces 
thus formed, a piece of iron plate, ^g, 8, cut to fuit the 
fame, is laid ; it has an iron rod, 4 , proje^ing from the upper 
fide and two points, by dy at the under fide, which are inferted 
Tto the fand between the arms, fo that the two edges, e,/, 
touch the upper edge of the arms 4 , b, of the wheel, Jg, 7 , 
The fpaces above thefe plates are then filled with fand and 
rammed down level with the red of the fand in the flaik : 
burnt fand is then fprinkled over the lower flaik to prevent 
the fand which is now to be rammed into the upper fiaik^ 
CD, from adhering to that in the lower; the holes ibi 
the metal arc next made through the top flaik, and it is 
then taken off ; the iron plates and the fand upon them arte 
taktu out by the ends of the iron, a ; the fand round the 
pattern is (lightlv wetted, and the cogs of the wheel are taken 
out one by one (for which purpofe they are only fixecTon hy 
a dovetailed groove cut in the rim, fee M) and then the 
whole wheel is lifted out by the ferews, Jig* c ; the iron 

plates 
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plates are then pnt again in the place where they ftood before, 
being determined by the holea which the points, h, d, made in 
the fand. The holt H through the wheeli which is to re* 
ceive the (haft| is folid in the pattern , and a projeAion of the 
fame fize as the intended hole is fixed on j this projedion 
forms a recefsp itjlg* lo, in the fand, which is to determine 
the place of the core, M,^. 9, for the hole which is made 
in a feparate pattern of well tempered clay or wet loam and 
dried. The upper flalk, CD, is then put on again, and 
loaded with weights ready for calling. In calling large 
cog-wheels, &c. flalks are often wanted as large as 20 feet 
on each fide ; to keep the fand from falling out, bars of 
wood arc bolted acrofs the flallc, into which long nails are 
driven, before it is filled, to keep the fand together. Thcfc 
large flalks are lifted hy a crane. 

Ill, Lom^CajJirtg is ufed for bulky articles, as cylinders, 
large pipes, boilers, cauldrons, &c. &c. We will begin by 
dclcribing the manner of forming the mould for a large 
cylinder : A, fig, i r, is a beam of the building ; B B is a 
fpindle with three or four holes, r/r, through it, to fix an 
iron arm D in, at different heights by a nut ; E E is a 
board, that can be firmly fixed between the bars D and E, 
by two clamps, G, H : the operation is begun by laying'an 
iron ring L upon the ground, and adjuiling it fo as to 
be concentric to the fpindle B$ a cylinder of brlck< 
bats and clay or wet loam, inftead or mortar, is then 
built upon it, feme inches lefs in diameter than the intended 
cylinder, for which this is to form a core ; the bricks arc 
ftrongly bound together with iron hoops, ncalcd wire, &c. 
and a fire is then lighted in it. Wntn the loam ufed with 
the bricks is dry, a coating of loam is fpread over it, and is 
fmoothed by turning the board E E round it. This coat 
makes it of the proper fize for the in fide of the cylinder to 
be call, and is called the core of the mould ; anotrier cylin- 
der is built, plaiftered, and fmoothed in the fame way, except 
that no hoops arc ufed, whofc diameter is the fame as the 
outfide of the cylinder to be cad; when it isiimflied, it is 
covered with charcoal ground with water like paint, laid on 
with a brulh ; and a thm coating of loam is laid on *, this is 
bound round with hoops, and to thefe, four hooks ire fixed 
to lift it by ; a thick coat of loam and hair is then laid over 
it. When all thcfc arc dry, a man gets into the cylinder, 
and with a fmall pick pulls down all the bricks ii the in- 
fide cylinder, and then with a trowel cuts away all the loam, 
leaving the infidc of the external cylinder (which is called 
the mould) quite fmooth ; this is effefted by the coat of 
charcoal, which prevents tlie two coats of loam from adhkr- 
ing together. 

A deep pit is now dug, in fomc convenient part of the 
fbundery, into which the core is let down by a crane ; an 
apparatus, (hewn in J!g, 12, is ufed for flinging it to the 
crane, A B D E is a wrought-iron crofs, the arms of which 
are ftrengthened by tics going through the ring F, by 
which it IS hooked to the crane-rope or chain; on each of 
the four crofs-bars, a ring with a book, abde^ is loofely 
fitted ; to thcfc hooks rupet which pafs through the hooks 
on the mould arc faftened, in the core thcfc ropes go round 
the ftubba, /,/, of the ring Ufg. 1 1. The mould can always 
be made to hang perpendicularly, by Aiding the hooks, tf, 
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r, nearer to or farther from the center of the crofs. When 
the core is fet down in the pit, the mould is let down over 
it by the fame means, and when they are adjufted, the fand 
is thrown in, and rammed round, about half the height ; a 
flat cover of dried loam is then put on the top of the mould 
and core, and round pieces of wood are put in the holes which 
had before been made in the cover for pouring the metal in 
at. The burying of the mould is then completed : when it 
is. all levelled The fticka which keep open the holes 
for the metal are carefully pulled out, ind final! ditches 
made from the furnace to them, ready for calling. 

13, (hews the method of making the mould for an 
air-vctTcl (fee our article Pump) ; the core. A, is built of 
bricks, p aiftered with loam and turned by the machine, 
fg, 11, as before deferibed ; the edge of the board, EE, 
being cut to the proper curve ; another is then built of the 
fame fize and form as the outfide of the veflel to be cad, 
with a projeAing ring or flaunch at the bottom ; this, after 
being turned, is painted with charcoal, and the mould made 
upon it as in the cafe ; it is plain, that from the (bape of 
the core the mould cannot be lifted off, nor can a man rea- 
dily get in, to take out the bricks as in the cafe of a cylinder ; 
the mould mud therefore be fawn in half, B G, with a fine 
faw, to get it off ; it is then put together again round the 
core A, and the crack is plaiilered up with loam. Tp de- 
feribe the more complicated cafes of this kind of Cading, as 
the nozzles or valve- boxes and pipes of deam-cngiiics, &c. 
&c. would far exceed our limits. 

Casting o/gold^jilverjovcopper^ in plates. See Coining. 

Casting, in Jomry^ See, Wood is faid to be or 
warped, when, cither by its drought or moidure, or the 
drought or moidure of the air, or other accident, it (hoots 
or ihrinks ; m prejudice to its flatnefs or draitnefs. 

Casting 0/ lead on clothe is the ufing of a frame or mould 
covered with woollen cloth and linen over it, to cad the 
lead into very fine (hcets. 

Casting of lead on fandy is done by means of a large 
frame or trough nearly full of land, w'hich is made perftray 
level, and imprinted with any device from moulds preffed 
down in the fund : the lead is thm turned out of the ket- 
tle into a receiver or trough, and poured on the fand, whild 
two perfons Aide a gauge or lath, of fuch thicknefs as to 
leave a fpace between it and the fand anfwcring to the fub- 
dance of the lead, along the edges of the frame ; the fur- 
plus runs into refervoirs by channels made in the fand. See 
CAsrinGy in Foundery, 

The goldfmiths ufc the bone of the cuttle^, to 
mould and cad their leffer works of gold and filver ; that 
bone, when dried, being reducible to a kind of a fine pu- 
mice, very fufceptible of all imprelTions. 

Casting in Jluc or platfler, is the filling with fine liquid 
plaiiler a mould that had been taken in pieces from off a datue 
or other piece of fculpturc, and run together again. There 
are two things to be obferved with regard to the mould : 
the (ird, that it be well foaked with oil before the plaider 
be run, to prevent its dicking; the fecond, that each piece 
whereof it coofids have a packthread, to draw it off the 
more eafily when the work is dry. See Cast. 
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Corrigenda. 


ACETIC Acid. It is now univerfalljr admitted by 
chemifts, that the acetic add differs in no refped from com- 
mon vinera*, or what was formerly termed ocaout acid, but 
in the degree of concentration only. This opinion, firft 
advancedWAdet, has lately been fully confirmed by the experi- 
ments of Darracq and Prouft. 'What has been faid, there- 
fore, on the fttbjeA of acetm acid and vinegar in the Cyclo- 
ptedia, is to be imderftood as applicable to dilute acetic acid ; 
and the falts termed ace^u are to be confidered as acetateu 
The foUowine fads are important, and deferve a place here. 

The fpecific gravity of acetic acid does not enable m to 
determine its ftrength. The fpecific gra'/ity is Sated by 
Dr. Thomfon to be a maximum when the liquid is a com. 
pound of one atom, and three atoms water. When the pro- 
portion of water is either increafed or diminifhed, the fpecif c 
gravity diminifiies. Acid compofed of one atom real acid 
and one atom water, and acid compofed of one atom reinl acid 
and nine and a half of water, are nated by the fame chrmil 
to have the fame fpecific gravity. 

The following table, mvm vp chiefly from the esperi- 
ments of Mollerat by Dr. T., exhibits the fpecific gravity of 
acetic acid of various ftrengths. 


Atoms. 

Weight of 

Add. Water. 

Acid. 

Wat*r. 

I I 

JOO 

14.78 

2 

100 

2J.21 


100 

37-99 

3 

100 

48.43 


300 

53.94 


100 

59-38 

4 

ICO 

71.90 

5 “ 

100 

83-90 

6 + 

ICO 

116.35 

7 

100 

137-73 

9 i 

100 

166.34 


8y.Gr. 

i.06}0 

1.0743 

1.0770 

i. 07 pi 

I.oSOD 

1.0765 

1 . 074 * 

1.07*8 

i.o6y8 

1.0637 

1.0650 


Acetic acid of the fp. gr. 1.065 is the ftroogeft that 
can be procured. It cryftanizes at the temperature of 55^ 
and the cryftals melt flowly when heated to 7 * 1 *. This had 
been long ago obferved by Courtenvaux. Lowitz has pro- 
pofed an ingenious method of obtaining it of the requifite 
degree of ftrength to cryftallize. This confifts in making 
diftilled vinegar into a thick pafte with well 4 >umt charcoal, 
and expofing die mixture to a temperature of aia*. The 
watery part is driven off, and the acid remains. The acid 
itfelf may be feparated by a higher degrM of heat, and thus 
obtained in a very concentrated ftate. It is commonly necef- 
fary, however, to repeat the procefs before it can be made to 
cryftalii2eo 

Mr. Chenevix, by diftilling tbt acMeit obtained a 
peculiar fub^ce different from acetic acid, and which he 
nas denominated pyro^etic fpirit. The acetates of potalh 


and foda gave a greater proportion ot this principle than anjr 
of the metalline acetates ; but when the acetate of barytes is 
diftilled, the whole liauid produA confifts of this fpirit 
without any mixture or acid whatever. No other genus of 
falts tried, luch as the oxalates, tartrates, or citrates, yielded 
this fpirit, nor was acetic acid converted into it by heat. 

Pyro-acetic fpirit is a white and limpid fluid. Its 
taftc is at firft hot and acrid, but it becomes cooling and 
rather urinous. Its fmell is peculiar, and is compared by 
Mr. Chenevix to that of a mixture of oil of peppermint and 
bitter almonds. Its fpecific gravity is .7864. It bums 
with a flame, wWte exteriorly, but of a fine blue within, and 
leaves no refidue. It boils at a temperature of i 6 ^\ It 
mixes with water, alcohol, and volatile oils, in any proportion. 
With hot olive-oil it alfo mixes in any proportion ; but with 
that oil cold it only mixes in certain proportions. When 
hot it diffolves wax and tallow. It dilfolves alfo a little ful- 

f hur and phofphorus, and is an excellent folvent of camphor, 
t diffolves potafti, and becomes dark-coloured, but it 
may be obtained again unaltered by diftillation. Strong 
fulphuric acid blackens and decompofes it. Nitric acid 
renders it yellow, and chains its properties. Muriatic 
acid renders it brown. Wtien dif^ed with this acid 
a combination takes place, and a fubftance is formed 
poffcfling very different properties from muriatic ether. 
Thefe properties are fufiicient to (hew, that the pyro-acetic 
fpirit is a diftind fubftance, and Offers entirely from 
alcohol, ether, and volatile oils. Of courfe, therefore, as 
Dr. Thomfon obferves, it deferves a diftinft place among 
compound combuftibles. 

Many attempts have been made to analyfe the acetic acid. 
Thofc mod worthy of notice are by Gay Luffac and 
Thenard, and Berzelius. The former burnt a mixture of 
acetate of barytes and clilorate of potafli. The rcfults were 
carbonic acid and water. Berzehus’s analyfis was made on 
the fame principles, but the fait he employed was fuppofed 
to be quite free from water. The following arc the refults 
of thofc celebrated chemifts : 

Hydrogen. Cirbon* Oxygen. Acid. 

Gay Luflac 5.629 + 50.224 + 44.147 = 100 
Berzelius 6.35 + 46-83 + 46.82 =s 100 

If, with Dr. Thomfon, we confider the refults of Berzelius 
moft entitled to credit, acetic acid confifts of 

3 atoms or proportions of hydrogen, weighing 0.375 

4 I of carbon " 3.000 

3 , II . '■-> of oxygen — - 3.000 

Or of ten atoms or proportions, and the weight of an 
integrant particle, will 6.375 ; and this weight, as the fame 
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chemiil has fliewn» accords very well with the conltitutioii of 
the acetates. 

ALLOY, in Chmifiry^ a combination of two or more 
metals. In addition to what has been faid on this fubje^ 
in the Cyclopaedia, we may add the following tabular view-% 
from Dr. Thomfon, of the general properties of the different 
alloys, as far as they have been examined. The chemiflry 
of alloys is at prefent but little underilood, and, as Dr. 
Thomion juftly remai ks, thefe compounds in general ap > 
pear to be much better known to artifts and manufai^turers 
than to chemifts. 


ADDENDA & CORRIGENDA 

The firft of the following tables comprehends the alloys 
of the malleable metals with each other ; the (econd, the 
alloys of the brittle metals ; and the third, the alloys of 
the maUeable and brittle metals. In thefe tables, the l^er 
M iignifies malleahle; B, brittle ; S, fubmalleahle^ ufed when 
the alloy is malleable in certain proportions, but brittle in 
others. O is ufed when the metals do not unite. The 
lign 4- is ufed when the alloy occupies a greater bulk than 
the fepars te metals ; the fign — when the alloy occupie«« 
a fmalier bulk. The firll indicates an expanfion ; the fccond,^ 
a condenfatiori. 


'fABLE I. — Malleable Metals. 


Zinc 


M 

Lead 










M 

M + 

Tin 









0 

O 

B 

Nickel 








s 

B + 

M 

M 

Iron 







S - 

B + 

B - 

B 

S 

Copper 











M 

Iridium 





B 

B 

B 


S 



Potafiiiim 




B 

B 

B 






Sodium 






B + 


1 ^ 

i s - 


B 


Palladium 



B 


B 

o 


B 


B 

B 

B 

Mer:uryr 


B ^ 

B - 

B - 

o 

M 

M 4- 

M 



M ~ 

i 

B - 

1 Silvc r 

B 

s - 

s - 


M - 

M - 

M 



M 4- 

® i 

M + 

B - 

B + 

S - 

M 4- 

M 4- 

M 4- 

M 



M 

B ! 

Hr ' 

M + 


Table IL— Brittle Metds 


Titanium 


|Tungilen 

I |ch Fomium 


Uranium 






Molybdenum 



B 



B 

Manganefe 






B 


Cobalt 






B 



Arfenic 


1 








Tellurium 




B 


6 

o 


B 


Antimony 



B 


s 

o 

O 

B 


B Bidonoth 
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Tablf II L — Maileablf and Brittle Metals. 


L. 

Bifmuth. 

Antimony. 

Arfenic. 

Cobalt. 

Manganefe. 

Molybdenum, 

Gold - 

- 

- 

- 

- 

B - 

B - 

B 

B - 

M 

B 

Platinum 

- 


- 

- 

B 

B 

B 



B 

Silver - 

- 

- 

- 

- 

B - 

B - 

B 

B 


B 

Mercury 

- 

- 

- 

- 

B 

B 

B 

0 

0 

0 

Palladium - 


- 

- 


B 


¥ 




Rhodium 



- 

- 







Potaffium - 


- 


- 

B 

B 

B 




Sodium 


- 

• 


B 

B 

B 




Copper 



- 

-U LL. j 

- 1 

B - 

B ^ 

M 


M 

S 1 

Iron 

- 

- 



B -f 

B + 

B 

B 

s 

B ; 

Nickel 

- 

- 

- 

- 

B 


B + 

B 


S 

Tin - 

- 

- 


- 

M 

M? 4- 

B 


B 


Lead 

■ \ 

- 

- 


M - 

M - 

B 

B 


S 

Zinc 



- 

- 

0 

B + 

B 

0 

0 

1 ^ 


ANTIMONY , in Chernjjlry. St^vera) impctftant additions 
have been lately made to our kiiowl«?d^e refpe6:ing this 
metal and its compounds, which we {liall briery notice 
here. 

In deferibing tin's metal, we dated that Hatty had been 
tinablc to afeertain its primitive cryllalline form. This inde- 
fatigable obferver has at length, however, determined that 
the primitive form of its cryTlal is an oftahednHi, and that 
iu integrant particles have tlie figure of tetrahedrons. The 
fpecific gravity of antimony, according to Hatchftti is 6.7 1 2. 
It melts at a low red heat, or about 810° of Fahrenheit ; and 
after this, if the heat be raifed, the metal evaporates. 

The oxyds of antimony have been lately inveftigated with 
great care by Thenard, Proull, Bucholz, and Berzelius, 
According to Thenard, this metal forms no Icfs than fix 
oxyds ; according to Proud and Bucholz, it forms only two ; 
while according to Berzelius, it forms four, Thcfe difeor- 
dancies arife from the great difficulty of the invedigatioii. 
The protoxyd of Berzelius is obtained by expofing antimony 
to the air, or to the adfion of a galvanic b.attery. It is a 
grey powder. When a6Ied upon by muriatic acid, it is 
fepar.ifed into the protoxyd of Proud and metallic antimony. 
Hence Dr. Thomfon remarks it is only a mixture of the 
two. The two oxyds of Proud are eafily obtained, and 
poffefs fpecific charad^ers. Berzelius has diewn that the 
fecoud .of them poiTelTes the properties of an acid. The 
peroxyd of Berzelius is alfo readily obtained, though it is 
difficult to free it from w'ater. This like^vife pofrciTcs the 
properties of an acid. Hence, fays Dr, Thomfon, we know 
three oxyds of antimony. The grey protoxyd^ tlie white 
antimonious acid^ and \ht Jlraw-ye!low autimonic acid. 

The following is the compoiition of the protoxyd of anti- 


mony according to 

I'roull, Thomfon. 

Antimony 100 lOO lOO 

Oxygen 22.7 18.6 17775 

ylntimonious acid is coinpofcd, according to the fame ch 
mids, of 


Antimony 

100 

100 

100 

Oxygen 

? 9.87 

24.8 

23-7 

And antimonic acid 

of 



Antimony 

— 

100 

100 

Oxygen 

— 

37-2 

3 S' 55<5 


The above refulls of Berzelius and Thomfon arc rather 
obtained by calculation than adfual experiment, being 
founded on the fuppofed compofition of fulphurct 01 
antimony, which, according to Berzelius, is compofed of 
100 antimony and 37 fulphur, and according to Thomfon, 
of 100 antimony and only 35,572 fulphur. 

While fuch difcordancies exid refpedling the compofition 
of the oxyds of antimony, it is impoffiblc to fix with cer- 
tainty the weight of its atom. Dr, Thomfon, however, it 
may be proper to date, confiders it as 56.25. 

The two oxyds of antimony, denomhiatcd above the anti- 
monious and antimonic acids, are capable, according to Ber- 
zelius, of combining with different bales and forming two 

fets of falls, the fird of which may be termed antimonitet^ 
the fccond antimoniates, 

'jThe following is the method of preparing the antimomum 
iartarizatumf or tartrate of antimony and potafh, according 
to the lad edition of the London Pharmacopceia. 

Take fulphurct of antimony pounded, two ounces 5 nitrate 
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of potafh, one ounce ; fupertartrateof potafh» two ounces ; ful* 
phuric acid by weighty two ounces ; diftilled water» a pint and 
a half. Mix the acid with half a pint of water in a proper 
glafs velTely and place it in a fand-bath. When moderately 
heated add by degrees the fulphuret and nitre previoufly 
well mixed together ; and then apply heat till the whole of 
tlie water is driven off. Wafh the remainder with diftilled 
water until it comes off taftelefs, and while the mafs is yet 
moift mix it with the fupertartrate of potafh. To this 
mixture add a pint of diftilled water. IJoil the mixturcy 
and when filtered put it afide to cryftallize. 

CANAL, col. 14, 1 . 44* add— -The principal interior 
canals that are already (181 81 completed in the United 
States are, the Middlefex canal, uniting the waters of tf c 
Merrimack river with the harbour oT Bofton, and tK^ 
canal Carondelet, extending from Bayou St. John, a poft 
of delivery in the Mifiiffippi diftrid, to the fortifications or 
ditch of New Orleans, and opening internal communication 
with lake Pontchaitrain. The union of this canal by lakes 
with the Mifliflippi would, independently of other advai]> 
t^s, enable the government to tranfport with facility and 
clteft the fame naval force for the defence both of Mif- 
fiftippi and lake Pontchartrain, the two great avenues by 
which New Orleans may be approached from the lea. In 
1816 or 1817, the ftate legillature of New York pafted 
ads, appropriating funds for opening a navigable communi- 
cation between Sie lakes Erie and Champlain and the 
Atlantic ocean, by means of canals, conneded with tlie 
Hudfon river. When this fcheme, adually begun, is ac- 
compUftied, and a communication opened by canals and 
lakes between lake Erie and* the navigable waters of Hud- 
fon’s river, and alfo between lake Champlain and thefe 
waters, the ftate of New York will foon become, in itfelf, 
a powerful empire. 

Sheet Q q, inftead of CANAL at the head of the page, 
infert in col. 1 and 2, CAN. 

Canal, p. 44, col. 2, 1 . 6 from the bottom, for thereon 
r. therein. P. 49, col. i, 1 . 20, add-.-Mr. Chapman has 
lately {viz, in 1816) fuggefted to the editor, that this me- 
thod, without complicate collateral aid, not had in con- 
templation, will be found to be impradicable $ becaufe the 
moment the defcencGng criflbn entered the lower canal, the 
equilibrium would be loft, and all counterbalance when 
the criiTon had entered to fuch depth as, to allow its contained 
veffel to go out. 

For Hartlepool Canal r . Hartley Canal; for 
Durham r. Northumberland ; and for Hartlepool r. Hartley. 

Canal, Bqfingfioke^ 2, 1 . 3, after commences in, 
infert— Cooper's meadow, adjoining to the town of Bafing- 
ftoke, and enters the river Wey about two miles above 
Weybridge ; dele^ 1 . 3, 4, 5, from Wey to Bafingftoke ; 
1 . 18, after Lodden, add — The proprietors are prohibited 
from touching the Lodden, or any ot the fpringa or ftreams 
that feed it. 

CARBON, in Chmi^n, The progrefs of chemical 
knowledge enables us to ftate, with greater accuracy and 
prec^on, the nature of fome of the compounds of carbon, 
at the period when this article in the Cyclopaedia was 
written. 

Carbmc OsguL-— It has been (hewn by Gay Luilac, that 
100 meafuret of this gas require for complete oimbuftion 
50 ineafuits of oxygen, and that theproduais loomeafurei 
of carbonic add ; nence it muft be compofed of one atom 
of caibon aid one atom of oxygen^ or too parts by weight 
will confift.of 


Oxygen 57.14 

Cuban 42.86 

100.00 

And its true fpecific gravity muft be .9722, and 100 cubic 
inches of it muft weigh, at a mean temperature and preffure, 
ao.652 grains. Car&mic oxyd has the property of com- 
bining with chlorine, and forming a peculiar compound, 
which iu difeoverer, Dr. Davy, hm named Phosgene gas ; 
which fee. 

Carbemc When pure charcoal is burnt in oxyg^ 

gas, it has been (hewn that the original bulk of the oxy- 
gen fuffrrs no change. Hence it is obvious, that, by fub- 
trafting the fpecific gravity of oxygen from that of car- 
bonic acid gas, we (hall obtain the quantity of carbon exifting 
in it. The fpecific gravity of oxygen gas is i.i i, and that 
of carbonic acid 1.52. Hence 100 parts, by weight, of 
carbonic acid will confift of 

Oxygen 72.73 

Carbon 

100.00 

which correfpond with two atoms of oxygen and one of 
carbon. See Atomic Theory, 

CarburetiedHydrogm^Tht fpecific gravity of carburetted 
hydrogen, according to Dr. Thomfon, is .5555, and ico 
cubic inches of it weigh 16.99 grains. It requires for its 
complete combuftion twice its volume of oxygen gas, and 
produces cxadlly its own volume of carbonic acid ; the <nily 
remaining produA is water. Hence 100 parts, by weight, 
of this gas are compofed of 

Carbon 75 

Hydrogen 2 5 

xoo 


which correfpond witli one atom of carbon ar.d two of 
hydrogen. 

Olejlant Gas , — The fpecific gravity of this gas, according,' 
to Dr. Thomfon's experiments, is .974, and icx) cubic inchci:; 
of it weigh 29.72 grs. It requires for its complete com- 
bullion three times its volume of oxygen gas, and produces, 
when burnt, twice its volume of carbonic acid gas, and a cer- 
tain proportion of water. Hence 100 parts, by weigl)t, of 
this gas are compofed of 

Carbon 85.7 1 

Hydrogen 14.29 

100.00 

which correfpond with cue atom of carbon aud om* oi 
hydrogen. 

The curious oil-like compound formed by the umoi- of 
this gas with • clilorine, has been lately examined by MM. 
Robiquet and Colin. They found that it is compofed of 
one volume of chlorine united with one volume of olefiant 
gas, and of courfe that its conftituents, by weight, arc 
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Olefiant gas - - 16,28 

Chlorine ... 83.72 


lOO.CX) 

This oily liquid, which Dr.Thomfon a^nfulers as a foi C 
of ether t and lienee names it chloric ether ^ burns with a green 
flame, and at the fame time gives out copiouii fumes 0/ 
muriatic acid and much foot. Its fpecific gravity at 45® is 
1,2201, water being 1.000. It boils at 152^ At the 
temperature of 49®, its vapour is capable of fupjcrting a 
column of mercury 24.66 inches in height, Tl;e fptcific 
gravity of this vapour was found by experiment to be 
3.4434, v'hich very nearly coincides with the above account 
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of its compofition. When pafled through a red-hot porcelain 
tube it is decompofed and converted into muriatic acid, 
and an inflammable gas containing hydrogen and carbon, 
while a copious depofit of charcoal is found in the tube. 
It is alfo decompoied when pafled through red-hOt oxyd of 
copper. 

With refped to the carhonatesy the pumters reprefenting 
them will 01 courfe require a little udjuftment ; tliis can be 
eafily done from the compofition of carbonic acid ftated above, 
and from the data given under Atomk Theory, 
CARBONIC Acid Gajf col. 2, 1 . 5, add — ^According 
to the accurate experiments of Meffrs. Allen ai.d Pepys, 
recorded in the Phil, Tranf. the weight of a tubic inch of 
this gas is .464 of a grain. Col. 3, 1 . 46, r, milkinefs. 



